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A METHOD OF INSERTING A TUBULAR RIEMBER INTO A WELLBORE 

Background of the Invention 

This invention relates to a method of inserting a tubular member into a 
wellbore. 

5 Conventionally, when a wellbore is created, a number of casings are installed 

in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered through a previously installed 

10 casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between the outer surfaces of the 
casings and the borehole wall to seal the casings from the borehole wall. As a 

15 consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
rig time is involved due to required cement pumping, cement hardening, required 

20 equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volume of cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed that 
typically includes a surface casing, a number of production and/or drilling spools, 
valving, and a Christmas tree. Typically the wellhead further includes a concentric 

25 arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned 
above the ground. The conventional design and construction of wellheads is 
expensive and complex. 
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Conventionally, a wellbore casing cannot be formed during the drilling of a 
wellbore. Typically, the wellbore is drilled and then a wellbore casing is formed in 
the newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations 
5 of the existing procedures for forming wellbores and wellheads. 

Summary Of The Invention 

According to tiie present invention, there is provided a method of inserting a 
tubular member into a wellbore, comprising: 
10 injecting a lubricating fluid into the wellbore; and 

inserting the tubular member into the wellbore, 

wherein the tubular member does not exhibit necking when radially 
expanded up to 25%. 

Preferably, the lubricating fluid has a viscosity ranging from 1 to 10,000 
15 centipoise. 

Preferably, the lubricating fluid coniprises drilling mud. 

Preferably, the tubular member comprises a wall thickness that varies less 
than 8 %. 

Preferably, the tubular member comprises a hoop yield strength that varies 
20 less than 10%. 

Preferably, the tubular member comprises imperfection of less than 8% of a 
wall thickness. 

Preferably, the tubular member does not exhibit failure for radial expansions 
of up to 30%. 

25 Preferably, the tubular member comprises a wellbore casing. 
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Brief Description of the Drawings 

FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 
5 section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
apparatus for creating a casing within the new section of the well borehole. 

FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a first 
quantity of a fluidic material into the new section of the well borehole. 
10 FIG. 3a is another fragmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a fluidic material into the new section of the well borehole. 
15 FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of a 

portion of the cured hardenable fluidic sealing material from the new section of the 
well borehole. 

FIG. 6 is a cross-sectional view of the overlapping joint between adjacent 
tubular members. 

20 FIG. 7 is a fragmentary cross-sectional view of the apparatus for creating a 

casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of an apparatus for forming a casing 
25 including a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG- 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 
5 FIG. 10b is a cross-sectional illustration of an apparatus and method for 

creating a tie-back liner using an expandable tubular memb^. 

FIG. 10c is a cross-sectional illustration of the punq>ing of a fluidic sealing 
material into flie annular region between the tubular member and the existing casing. 

FIG. lOd is a ax>ss-sectional illustration of the pressurizing of the interior of 
10 the tubular member below the mandrel. 

FIG. 1 Oe is a cross-sectional illustration of the extrusion of the tubular member 
off of the mandrel. 

FIG. I Of is a cross-sectional illustration of the tie-back liner before drilling out 
the shoe and packer. 

15 FIG. lOg is a cross-sectional illustration of the conipleted tie-back liner created 

using an expandable tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a new 
section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of an 
20 apparatus for hanging a tubular liner within the new section of the well borehole. 

na lie is a fiagroentaiy cross-sectional view illustrating the injection of a 
^ first quantity of a hardenable fluidic sealing material into the new section of the well 
borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction of a 
25 wiper dart into the new section of the well borehole. 

no. lie is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into tiie new section of the 
well borehole. 

FIG. 1 If is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 
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FIG. 12 is a cross-sectional illustration of a wellhead system utilizing 
expandable tubular membo^. 

FIG. 13 is a partial cross-sectional illustration of flie wellhead system of FIG. 

12. 

FIG. 14a is an illustration of the formation of a mono-diameter wellbore 
casing. 

FIG. 14b is another illustration of tiie fomiation of the mono-diameter 
wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter wellbore 
casing. 

FIG. 14d is anotiier illustration of tiie formation of the mono-diameter 
wellbore casing. 

FIG. 14e is anoth^ illustration of the fomiation of the mono-diameter wellbore 
casing. 

FIG. 14f is another illustration of the formation of tiie mono-diameter wellbore 
casing. 

FIG. IS is an illustration of an apparatus for expanding a tubular member. 
FIG. ISa is another illustration of the apparatus of FIG. 15. 
FIG. ISb is another illustration of the ^paratus of FIG. IS. 
FIG. 16 is an illustration of an apparatus for forming a mono-diameter 
wellbore casing. 

FIG. 17 is an illustration of an apparatus for e}q>anding a tubular member. 
FIG. 17a is another illustration of the s^aratus of FIG. 16. 
FIG. 17b is another illustration of the apparatus of FIG. 16. 
FIG. 18 is an illustration of an apparatus for fomiing a mono-diameter 
wellbore casing. 

FIG. 19 is an illustration of an apparatus for expanding a tubular member. 
FIG. 19a is another illustration of the apparatus of FIG. 17. 
FIG. 19b is another illustration of the apparatus of FIG. 17. 



FIG. 20 is an illustration of an apparatus for forming a mono-diameter 
wellbore casing. 

FIG. 21 is an illustration of the isolation of subterranean zones using 
expandable tubulars. 

5 FIG. 22a is a fragmentary cross-sectional illustration of an apparatus for 

forming a wellbore casing while drilling a wellbore. 

FIG. 22b is another fragmentary cross-sectional illustration of tiie apparatus of 
FIG. 22a. 

FIG. 22c is another fragmentary cross-sectional illustration of the apparatus of 
10 FIG. 22a. 

FIG. 22d is anotfier fragmentary cross-sectional illustration of the apparatus of 
FIG. 22a. 

FIG. 23a is a fragmentary cross-section illustration of an apparatus and method 
for expanding tubular members. 
15 FIG. 23b is anoth^ fragmentary CTOSS-sectional illustration of the apparatus of 

FIG. 23a. 

FIG. 23c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 23a. 

FIG. 24a is a fragmentary cross-section illustration of an apparatus and method 
20 for sanding tubular members. 

FIG. 24b is another fragmentary oross-sectional illustration of the apparatus of 
FIG. 24a. 

FIG. 24c is another fragmentary oross-sectional illnstratira of the qyparatus of 
Fia 24a. 

25 FIG. 24d is anotiier fragmentary cross-sectional illustration of the q)paratus of 

na 24a. 

FIG. 24e is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 24a. 

FIG. 25 is a partial o-oss-sectional illustration of an expansion mandrel 
30 expanding a tubular member. 



FIG. 26 is a graphical illustration of fte relationship between propagation 
pressure and the angle of attack of the expansion mandrel. 

FIG. 27 is a cross-sectional illustration of an expandable connector. 

FIG. 28 is a m>ss-sectional illustration of an expandable connector. 

FIG. 29 is a cross-sectional illustration of an expandable connector. 

FIG. 30 is a cross-sectional illustration of an expandable connector. 

FIG. 31 is a fragmentary cross-sectional illustration of the lubrication of the 
inter&ce between an e?g)ansion mandrel and a tubular member during the radial 
expansion process. 

FIG. 32 is an illustration of an expansion mandrel including a system for 
lubricating the interface between tiie expansion mandrel and a tubular member 
during the radial CTqpansion of tiie tubular member. 

FIG. 33 is an illustration of an expansion mandrel including a system for 
lubricating the inter&ce between the expansion mandrel and a tubular member 
during the radial expansion of die tubular member. 

FIG. 34 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of the tubular member. 

FIG. 35 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of the tubular member. 

FIG. 36 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion ntiandrel and a tubular member 
during the radial expansion of the tubular meniber. 

FIG. 37 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of the tubular meniber. 

FIG. 38 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of tiie tubular member. 



FIG. 39 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of the tubular member. 

FIG. 40 is a cross-sectional illustration of the first axial groove of the 
expansion mandrel of FIG. 39. 

FIG. 41 is a cross-sectional illustration of the circumferential groove of the 
expansion mandrel of FIG. 39. 

FIG. 42 is a cross-sectional illustration of one of the second axial grooves of 
the expansion mandrel of FIG. 39. 

FIG. 43 is a cross sectional illustration of an expansion mandrel including 
internal flow passages having inserts for adjusting the flow of lubricant fluids. 

FIG. 44 is a cross sectional illustration of the expansion mandrel of FIG. 43 
further including an insert having a filter for filtering out foreign materials from the 
lubricant fluids. 

FIG. 45 is a cross sectional illustration of an expandable tubular for use in 
forming and/or rq^airing a wellbore casing, pipeline, or foundation support 

FIG. 46 is a cross sectional illustration of the flared end of a tubular member 
selected for testing. 

FIG. 47 is a cross sectional illustration of the flared end of a tubular member 
selected for testing fliat has structurally failed. 

Detailed Description 

Referring initially to Figs. 1-S, an apparatus and method for forming a 
wellbOTe casing within a subterranean formation will now be described. As 
illustrated in Fig. U a wellbore 100 is positioned in a subterranean formation 105. 
The wellbore 100 includes an existing cased section 1 10 having a tubular casing 115 
and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
formation 105 to form a new section 130. 



As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing m a 
subterranean formation is then positioned in the new section 130 of the wellbore 
100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular memba- 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a fluid 
passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may conprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. The expandable mandrel 
205 ccmiprises a hydraulic expansion tool as disclosed in U.S. Patent No. 5,348,095, 
tfie contents of which are inccnporated herein by reference, modified in accordance 
witii the teachings of the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. The 
tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or 
plastic tiibing/casing. The tubular member 210 is fabricated bom OCTG in order to 
maximiTC strength after expansion. The inner and outer diameters of the tubular 
member 210 may range, for example, from approximately 0.75 to 47 inches and 
1.05 to 48 inches, respectively. The inner and outer diameters of the tubular 
member 210 range fh)m about 3 to 15.5 inches and 3.5 to 16 inches, respectively in 
order to optimally provide minimal telescoping effect in the most commonly drilled 
wellbore sizes. The tubular member 210 preferably comprises a solid member. 

The end portion 260 of the tubular member 210 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 205 when it coiiq>letes the 
extrusion of tubular member 210. The loigth of the tubular memb^ 210 is limited 
to minimize the possibility of buckling. For typical tubular member 210 materials. 



the length of the tubular member 210 is preferably limited to between about 40 to 
20,000 feet in lengft. 

The shoe 215 is coiq)led to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
5 comprise any number of ccmventional commercially available shoes such as, for 
exanq>le» Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe 
wiA a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 215 comprises an aluminum down-jet 
guide shoe with a sealing sleeve for a latch-down plug available from Halliburton 

10 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 210 in the 
wellbore, optimally provide an adequate seal between the interior and exterior 
diameters of the overlapping joint between the tubular membCTS, and to optimally 
allow the complete drill out of the shoe and plug after the completion of the 

1 5 cementing and expansion operations. 

The shoe 215 includes one or more through and side outlet ports in fluidic 
communication with the fluid passage 240. In this manner, the shoe 215 optimally 
injects hardmable fluidic sealing material into the region outside the shoe 215 and 
tubular member 210. The shoe 215 includes the fluid passage 240 having an inlet 

20 geometry that can receive a dart and/or a ball sealing member. In this manner, the 
fluid passage 240 can be optimally sealed ofTby introducing a plug, dart and/or ball 
sealing elements into the fluid passage 230. 

The lower ci^ seal 220 is coupled to and supp(»ted by flie support member 
250. The lower cup seal 220 prevents foreign materials firom entering the interior 

25 region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may congjrise any nimiber of conventional commercially 
available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. The 
lower cup seal 220 comprises a SIP cup seal, available fix>m Halliburton Energy 
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Services in Dallas, TX in c»*der to optiinally block foreign material and contain a 
body of lubricant 

The vppec cup seal 225 is coupled to and supported by the siq>port member 
250. The upper axp seal 225 prevents foreign materials from entering tihe interior 
5 region of the tubular mend>er 210. The upp^ cup seal 225 may comprise any 
number of conventional commercially available cup seals such as, for exanq>le» TP 
cups or SIP cwps modified in accordance with the teachings of the present 
disclosure. The upper cup seal 225 conq>rises a SIP cup, available &om Halliburton 
Energy Services in Dallas, TX in order to optimally block the entry of foreign 
10 materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and from 
the interior region of the tubular member 210 below the expandable mandrel 205, 
The fluid passage 230 is coiq>led to and positioned within die support member 250 
and the expandable mandrel 205. The fluid passage 230 preferably extends from a 
15 position adjacent to the sur&ce to the bottom ofthe expandable mandrel 205. The 
fluid passage 230 is preferably positioned along a centerline of the apparatus 200. 

The fluid passage 230 is preferably selected, in die casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallcms/minute and 0 to 9,000 psi 
20 in ordCT to minimize drag on the. tubular member being run and to minimize surge 
I»^sures exerted on Ae wellbore which could cause a loss of wellbore fluids and 
lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the new 
25 section 130 of the wellbore 100, fluidic materials 255 forced up the fluid passage 
230 can be released into the wellbore 100 above the tubular member 210 thereby 
minimizing surge pressures on the wellbore section 130. The fluid passage 235 is 
coi^Ied to and positioned within the support member 250. The fluid passage is 
fiolher fluidicly coupled to the fluid passage 230. 
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The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. The control valve is pressure activated in 
order to controUably minimize surge pressures. The fluid passage 235 is preferably 
positioned substantially ordiogonal to the centerline of the apparatus 200. 
5 The fluid passage 235 is preferably selected to convey fluidic materials at flow 

rates and pressures ranging from about 0 to 3»000 gallons/minute and 0 to 9,000 psi 
in order to reduce the drag on the apparatus 200 during ins^on into the new 
section 130 of the wellbore 100 and to minimize surge pressures on the new 
wcllbore section 130. 

10 The fluid passage 240 permits fluidic materials to be transported to and from 

the region exterior to the tubular member 210 and shoe 215. The fluid passage 240 
is coupled to and positioned within the shoe 215 in fluidic communication with the 
interior region of the tubular member 210 below the e;q>andable mandrel 205. The 
fluid passage 240 preferably has a cross-sectional shape that permits a plug, or other 

15 similar device, to be placed in fluid passage 240 to thereby block further passage of 
fluidic materials. In this manner, the interior region of the tubular member 210 
below the expandable mandrel 205 can be fluidicly isolated from the regicHi exterior 
to the tubular member 21 0. This permits the interior region of the tubular member 
210 below the expandable mandrel 205 to be pressurized. The fluid passage 240 is 

20 preferably positioned substantially along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallcms/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between die tubular member 210 and the new section 130 of die wellbore 100 with 

25 fluidic materials. The fluid passage 240 includes an inlet geometry that can receive 
a dart and/or a ball sealing member. In this maimer, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
30 tubular member 210. The seals 245 are further positioned on an outer surface 265 of 
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the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 1 15 and the portion 260 
of the tubular member 210 to be fluidicly sealed. Hie seals 245 may comprise any 
number of conventional commercially available seals such as, for exan^le, lead» 
5 rubber. Teflon, or epoxy seals modified in accordance with tfie teachings of the 
present disclosure. The seals 245 are molded fi-om Stratalock epoxy available fix>m 
Halliburton Energy Services in Dallas, TX in order to optimally provide a load 
bearing interference fit between the end 260 of the tubular member 210 and the end 
270 of tiie existing casing 1 15. 
10 The seals 245 are selected to optimally provide a suflBcient fictional force to 

support the expanded tubular member 210 fi-om the existing casing 115. The 
fiictional force optimally provided by the seals 245 ranges fiiom about 1,000 to 
1 ,000,000 Ibf in order to optimally support the expanded tubular member 2 1 0. 

The support member 250 is coupled to the expandable mandrel 205, tubular 
15 memb^ 210, shoe 215, and seals 220 and 225. The support memb^ 250 preferably 
comprises an annular member having sufficient strength to carry the apparatus 200 
into the new section 130 of the wellbore 100. The support member 250 finder 
includes one or more convmtional centralizers (not ilhistrated) to help stabilize the 
apparatus 200. The siq)port member 250 con^ses coiled tubing. 

A quantity of lubricant 275 is provided in tfie annular region above the 
expandable mandrel 205 within the interior of the tubular member 210. ix this 
manner, ihe extrusion of the tubular member 210 off of the expandable mandrel 205 
is &cilitated. The lubricant 275 may comprise any number of conventional 
commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants or Qimax 1500 Antisieze (3100). The lubricant 275 
coiiq>rises Climax 1500 Antisieze (3100) available firan Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to 
facilitate tiie expansion process. 

The support member 250 is thoroughly cleaned prior to assembly to the 
remaining portions of the i^aratus 200. In this manner, die introduction of foreign 



material into the apparatus 200 is irunimized This mininiizes the possibility of 
foreign material clogging the various flow passages and valves of the apparatus 200. 

Before or after positioning the apparatus 200 within the new section 130 of the 
wellbore 100, a couple of wellbore volumes are circulated in order to ensure that no 
5 foreign materials are located within the wellbore 100 tiiat might clog up the various 
flow passages and valves of the apparatus 200 and to ensure that no foreign material 
interferes with the expansion process. 

As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 
fluidic sealing material 305 is then pumped from a sur&ce location into the fluid 

10 passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 1 0 into the fluid passage 240. 
The material 305 then exits the apparatus 200 and fiUs the annular region 315 
between the exterior of the tubular member 210 and the interior wall of the new 

15 section 130 of the wellbore 100. Continued pumping of the material 305 causes the 
material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably punq>ed into the annular region 3 1 5 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The optimum flow rate and operating pressures vary as a 

20 function of flie casing and wellbore sizes, wellbore secticm length, available 
pumping equipment, and fluid prop^es of the fluidic material being pun9)ed. The 
optimum flow rate and operating pressure are prefwably determined using 
convoitional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 

25 cmvoitional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. The hardenable fluidic sealing material 
305 conprises a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide 
optimal support for tubular member 210 while also maintaining optimum flow 

30 characteristics so as to minimize difficulties during the displacement of cement in 



the annular region 315. The optimum blend of the blended cement is preferably 
detmnined using conventional empirical meAods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 210, the 
5 annular region 315 of fte new section 130 of the wellbore 100 will be filled with 
material 305. 

As illustrated in Fig. 3 a, the wall thickness and/or the outer diameter of the 
tubular member 210 is reduced in the region adjacent to the mandrel 205 in order 
optimally permit placement of the apparatus 200 in positions in the wellbore with 
10 tight clearances. Furthennore. in this manner, the initiation of tiie radial expansion 
of the tubular member 210 during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once flie annular region 315 has been adequately filled 
widi material 305, a plug 405, or other similar device, is introduced into the fluid 
passage 240 thereby fluidicly isolating the interior region 310 fiom the annular 
15 region 315. A non-hardenable fluidic material 306 is then pumped into the interior 
region 310 causing the interior region to pressurize. In tiiis manner, the interior of 
the expanded tubular member 210 will not contain significant amounts of cured 
material 305. This reduces and sin5>lifies the cost of the entire process. 
Alternatively, the material 305 may be used during tiiis phase of the process. 
20 Once the interior region 310 becomes suflScientiy pressurized, the tubular 

member 210 is extruded off of the expandable mandrel 205. During the extrusion 
^ process, the expandable mandrel 205 may be raised out of the expanded portion of 
the tubular member 210. During the extrusion process, ihe mandrel 205 is raised at 
^>proximately tiie same rate as tfie tubular member 2 1 0 is expanded in order to keep 
25 ttie tubular member 210 stationary relative to the new wellbore section 130. The 
extrusion process is commenced witii the tubular member 210 positioned above the 
bottom of the new wellbore section 130, keeping tiie mandrel 205 stationary, and 
allowing the tubular member 210 to extrude off of the mandrel 205 and fall down 
the new wellbore section 1 30 under the force of gravity. 



The plug 405 is preferably placed into the fluid passage 240 by introducing the 
plug 40S into the fluid passage 230 at a surface location in a conventional manner. 
The plug 405 preferably acts to fluidicly isolate the hardenable fluidic sealing 
material 305 from the non hardenable fluidic material 306. 
5 The plug 405 may coxiQnise any numbo* of conventional commercially 

available devices from plugging a fluid passage such as, for example, Multiple Stage 
Cementcr (MSG) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. The 
plug 405 coniprises a MSG latch-down plug available from Halliburton Energy 

1 0 Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for exanq)le, from approximately 400 to 1 0,000 psi and 30 to 
4,000 gallons/min. In this manner, the amount of hardenable flmdic sealing material 

15 within the interior 310 of the tubular member 210 is minimized After placement of 
the plug 405 in the fluid passage 240, the non hardenable material 306 is preferably 
punned into the interior region 310 at pressures and flow rates ranging from 
approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in order to maximize the 
extrusion speed. 

20 The apparatus 200 is adapted to minimize tensile, burst, and friction effects 

upon the tubular member 210 during the expansion process. These effects will 
depend upon the geometry of the expansion mandrel 205, the material conq>osition 
of the tubular memb^ 210 and expansion mandrel 205, the inner diameter of the 
tubular member 210, the wall thickness of die tubular membo' 210, die type of 

25 lubricant, and die yield strength of the tubular member 210. In general, the thicker 
the wall thickness, the smaller the inner diameter, and the greater die yield strength 
of die tubular member 210, then the greater the operating pressures required to 
extrude the tubular member 210 off of die mandrel 205. 




For typical tubular members 210^ the extrusion of the tubular member 210 off 
of the expandable mandrel will begin when Ae pressure of the interior region 310 
reaches, for example, ^proximately 500 to 9,000 psi. 

During the extrusion process, the expandable mandrel 205 may be raised out of 
the expanded portion of the tubular member 210 at rates ranging, for example, fix)m 
about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 205 is 
raised out of the expanded portion of the tubular member 210 at rates ranging from 
about 0 to 2 ft/sec in order to minimize the time required for the expansion process 
while also permitting easy control of flie expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
expandable mandrel 205, the outsc surface 265 of the end portion 260 of flie tubular 
member 210 will preferably cmtact the interior surface 410 of die end portion 270 
of the casing 115 to form an fluid tight overlapping joint The contact pressure of 
the overlying joint may range, for example, from qiproximately 50 to 20,000 psi. 
The contact pressure of the overlapping joint ranges from approximately 400 to 
10,000 psi in order to provide optimum pressure to activate the annular sealing 
members 245 and optimally provide resistance to axial motion to accommodate 
typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
Ae section 265 of the expanded tubular member 210 preferably provides a gaseous 
and fluidic seal. The sealing members 245 optimally provide a fluidic and gaseous 
seal in the overlapping joint. 

The operating pressure and flow rate of the non hardenable fluidic material 
306 is controllably ranq)ed down when the expandable mandrel 205 reaches the end 
portion 260 of the tubular member 210. In this manner, the sudden release of 
pressure caused by the complete extrusion of the tubular membar 210 off of the 
expandable mandrel 205 can be minimized The operating pressure is reduced in a 
substantially linear fashion from 100% to about 10% during the end of the extrusion 
process beginning when the mandrel 205 is within about 5 feet from completion of 
the extrusion process. 
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AltOTiatively, or in combination, a shock absorber is provided in the sij^ort 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may conq)rise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the end portion 260 of the tubular member 2 1 0 in order to catch or at least decelerate 
the mandrel 205. 

Once the extrusion process is convicted, the expandable mandrel 205 is 
removed from the wellbore 100. Either before or after the removal of the 
expandable mandrel 205, the integrity of the fluidic seal of the overlapping joint 
between the upper portion 260 of the tubular member 210 and the lower portion 270 
of the casing 1 1 5 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of the 
tubular member 210 and the lower portion 270 of the casing 1 15 is satisfactory, then 
any uncured portion of the material 305 within the expanded tubular member 210 is 
then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular meniber 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within the 
annular region 3 1 5 is iken allowed to cure. 

As illustrated in Fig. 5, pceBssably any remaining cured material 305 within the 
int^or of the ^anded tubular member 210 is then removed in a conventional 
manner using a conventional drill string 505. The resulting new section of casing 
510 includes the expanded tubular member 210 and an outer annular layer 515 of 
cured material 305. The bottom portion of the apparatus 200 c6nq>rising the shoe 
215 and dart 405 may then be removed by drilling out the shoe 215 and dart 405 
using conventional drilling methods. 

As illustrated in Fig. 6, the upper portion 260 of the tubular member 210 
includes one or more sealing members 605 and one or more pressure relief holes 
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610. In this manner, the overlapping joint between the lower portion 270 of the 
casing 115 and the upper portion 260 of the tubular member 210 is pressure-tight 
and fixe pressure on the interior and exterior sur&ces of the tubular member 210 is 
equalized during the extrusion process. 
5 The sealing members 605 are seated wittiin recesses 615 formed in the outer 

surface 265 of the upper portion 260 of the tubular member 210. The sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper portion 
260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief holes 
10 reduce the operating pressures required to expand the upper portion 260 of the 
tubular member 210. This reduction in required operating pressure in turn reduces 
the velocity of the mandrel 205 upon the con^letion of the extrusion process. This 
reduction in velocity in turn niinimizes the mechanical shock to the entire ^^paratus 
200 i^)on the completion of the extrusion process. 
15 Referring now to Fig. 7, an apparatus 700 for forming a casing within a 

wellbore pref<aably includes an expandable mandrel or pig 705, an expandable 
mandrel or pig container 710, a tubulair membo* 715, a float shoe 720, a low^ cup 
seal 725, an upper cup seal 730, a fluid passage 735, a fluid passage 740, a support 
member 745, a body of lubricant 750, an overshot connection 755, another support 
20 menaba- 760, and a stabilizer 765. 

The expandable mandrel 705 is coupled to and siq^ported by the support 
member 745. The expandable mandrel 705 is furtho* coupled to the expandable 
mandrel contains 710. The expandable mandrel 705 is preferably ad^ted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
25 conq)rise any number of conventional commercially available expandable mandrels 
modified in accwdance with the teachings of the present disclosure. The 
expandable mandrel 705 comprises a hydraulic expansion tool substantially as 
disclosed in U.S. Pat. No. 5,348,095, the contents of which are incorporated herein 
by reference, modified in accordance with the teachings of the present disclosure. 
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The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled to 
the expandable mandrel 70S. The expandable mandrel container 710 may be 
constructed fix>m any number of c<mventional comm^cially available materials such 
as, for exan^le, Oilfield Country Tubular Goods, stainless steel, titanium or high 
strength steels. The expandable mandrel contah^ 710 is fabricated from material 
having a greater strength tlian the material from which the tubular member 71S is 
fabricated. In this manner, tfie container 710 can be fabricated from a tubular 
material having a thinner wall thickness than the tubular member 210. This permits 
the container 710 to pass through tight clearances thereby fecilitating its placement 
within the wellbore. 

Once the expansion process begins, and the thicker, lower strength material of 
the tubular member 715 is expanded, the outside diameter of the tubular member 
715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 71 5 is preferably expanded in the radial direction 
and extruded off of the expandable mandrel 705 substantially as described above 
with reference to Figs. 1-6. The tubular member 715 may be fabricated from any 
number of materials such as, for exanqile, OOfield Country Tubular Goods (OCTG), 
automotive grade steel or plastics. The tubular member 715 is fabricated from 
OCTQ 

The tubular member 715 has a substantially annular ooss-section. The tubular 
mend>er 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an vtpp^ section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 fn^ferably is defined by the region beginning in the vicinity of 
the mandrel container 710 and ending with the top section 820 of the tubular 
memiber 715. The intermediate section 810 of the tubular member 715 is preferably 
defined by the region beginning in the vicinity of the top of the mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower 
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section of fte tubular member 715 is preferably defined by the region beginning in 
the vicinity of the mandrel 70S and ending at the bottom 825 of the tubular member 
715. 

The wall thickness of the upper section 805 of the tubular member 715 is 
5 greater than the wall thicknesses of the intermediate and lower sections 810 and 815 
of tfie tubular member 715 in order to optimally facilitate the initiation of the 
extrusion process and optimally permit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the tubular 
10 member 715 may range, for example, fh>m about 1.05 to 48 inches and 1/8 to 2 
inches, respectively. The outer diameter and wall thickness of the upper section 805 
of the tubular member 715 range from about 3.5 to 16 inches and 3/8 to 1.5 inches, 
respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
15 tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. The outer diameter and wall ^ckness of the 
intermediate section 810 of the tubular member 715 range from about 3.5 to 19 
inches and 1/8 to 1.25 inches, respectively. 

The outer diameter and wall thickness of the low^ section 815 of the tubular 
20 member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 1.25 
inches, respectively. The outer diam^er and wall thickness of the lower section 8 10 
of the tubular member 715 range from about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. The wall thickness of the lower section 815 of the tubular member 715 
is further increased to increase the strength of the shoe 720 when driUable mataials 
25 such as, for exanq>le, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. The 
end portion 820 of the tubular member 715 is slotted, jraf orated, or otherwise 
modified to catch or slow down the mandrel 705 when it con^letes the extrusion of 
tubular member 715. The length of the tubular member 715 is limited to minimize 
30 the possibility of buckling. For typical tubular member 715 materials, the lengtii of 
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the tubular member 715 is preferably limited to between about 40 to 20,000 feet in 
lengOi. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 further 
includes an inlet passage 830» and one or more jet ports 835. The cross-sectional 
shape of flie inlet passage 830 is adapted to receive a latch-down dart, or other 
similar elements, for blocking the inlet passage 830. The interior of ttie shoe 720 
preferably includes a body of solid matorial 840 for increasing tiie strengfli of the 
shoe 720. The body of solid material 840 conqjrises aluminum. 

The shoe 720 may conqwise any number of conventional commercially 
available shoes such as, for example, Super Seal U Down- Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 comprises an aluminum down-jet 
guide shoe with a sealing sleeve for a latch-down plug available from Halliburton 
Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimize guiding the tubular member 715 in the 
wellbore, optimize the seal between the tubular member 715 and an existing 
wellbore casing, and to optimally facilitate flie removal of the shoe 720 by drilling it 
out after conq>letion of the extrusion process. 

The lower ciq> seal 725 is coiq)led to and supported by the support member 
745. The lowra* cup seal 725 prevents foreign materials &om mtering the interior 
legim of the tubular menib^ 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for cxainple, TP aqw or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of present disclosure. The lower cup 
seal 725 comprises a SIP cup, available from Halliburton Energy Services in Dallas, 
TX in order to optimally provide a debris barrier and hold a body of lubricant. 

The iq>per cup seal 730 is coi^led to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may conq>rise any 
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number of conventional connunercially available cup seals such as, for exanq>le, TP 
ciq}s or Selective Injection Packer (SIP) cup niodified in accordance with the 
teachings of the present disclosure. The iqpper cup seal 730 conq^rises a SIP cup 
available from Halliburton Energy Services in Dallas, TX in ord^ to optimally 
5 provide a debris barrier and contain a body of lubricant 

The fluid passage 735 permits fluidic materials to be transported to and from 
the interior region of the tubular member 715 below the expandable mandrel 705. 
The fluid passage 735 is fluidicly coi^Ied to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 760, 
10 the support member 745, the mandrel container 710, and the expandable mandrel 
705. The fluid passage 735 preferably extends from a position adjacent to the 
surface to the bottom of the expandable mandrel 705. The fluid passage 735 is 
preferably positioned along a centerline of the apparatus 700. The fluid passage 735 
is preferably selected to transport materials such as cement, drilling mud or epoxies 
15 at flow rates and pressures rangmg from about 40 to 3,000 gallons/minute and 500 
to 9,000 psi in order to optimally provide sufficimt operating pressures to extrude 
the tubular member 715 ofT of the expandable mandrel 705. 

As described above widi reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
20 fluid passage 735 can be released into the wellbore above the tubular member 715. 
The apparatus 700 further includes a pressure release passage that is coupled to and 
positioned within the support member 260. The pressure release passage is further 
fluidicly coupled to the fluid passage 735. The pressure release passage preferably 
includes a control valve for controUably opening and closing the fluid passage. The 
25 control valve is pressure activated in order to controUably minimize surge pressures. 
The pressure release passive is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably selected 
to convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in order to 
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reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to mininuze surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic niaterials to be transported to and from 
the region exterior to the tubular member 715. Hie fluid passage 740 is preferably 
5 coupled to and positioned within die shoe 720 in fluidic communication with the 
interior region of the tubular member 715 below the expandable mandrel 705. The 
fluid passage 740 preferably has a cross-sectional shape that permits a plug» or o^r 
similar device, to be placed in the inlet 830 of the fluid passage 740 to thereby block 
iurther passage of fluidic materials. In this maimer, the interior region of Hie tubular 

10 member 715 below the expandable mandrel 705 can be optimally fluidicly isolated 
from the region exterior to the tubular member 715. This permits the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized 

The fluid passage 740 is preferably positioned substantially along the 
centerline of the apparatus 700. The fluid passage 740 is preferably selected to 

15 convey materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 0 to 3,000 gallons/minute and 0 to 9^000 psi in order to 
optimally fill an annular region between &e tubular member 715 and a new section 
of a wellbore with fluidic materials. The fluid passage 740 includes an inlet passage 
830 having a geometry that can receive a dart and/or a ball sealing member. In this 

20 manner, the fluid passage 240 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 further includes one or more seals 845 coupled to and 
supported by the end portion 820 of the tubular member 715. The seals 845 are 
further positioned on an outer surface of ihe end portion 820 of the tubular member 

25 715. The seals 845 permit the overlapping joint between an end portion of 
preexisting casing and the end portion 820 of the tubular member 715 to be fluidicly 
sealed. The seals 845 may comprise any number of conventional commercially 
available seals such as, for exanq>le, lead, rubber, Teflon, or epoxy seals modified in 
accordance with the teachings of the present disclosure. The seals 845 conprise 

30 seals molded from StrataLock epoxy available from Halliburton Energy Services in 
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Dallas, TX in order to optinially provide a hydraulic seal and a load bearing 
interference lit in the overU^ping joint between the tubular member 715 and an 
existing casing wifli optimal load bearing capadty to support the tubular membw 
715. 

5 The seals 845 are selected to provide a sufficient frictional force to support the 

expanded tubular member 715 from the existing casing. The fiictional force 
provided by the seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally siq)port the ejqpanded tubular member 715. 

The support member 745 is prefisrably coiq)Ied to flie expandable mandrel 705 
10 and the overshot connection 755. The support member 745 preferably comprises an 
annular member having sufficient strengfli to cany the q^aratus 700 into a new 
section of a wellbore. The support member 745 may comprise any number of 
conventional commwcially available support membCTs sadb as, for example, steel 
driU pipe, coiled tubing or other high strength tubular modified in accordance with 
15 the teachings of the present disclosure. The support member 745 comprises 
conventional drill pipe available from various steel mills in flie United States. 

A body of lubricant 750 is provided in tiie annular region above flie 
expandable mandrel container 710 within the mterior of the tubuhir member 715. In 
this manner, the extrusion of the tubular member 715 off of the expandable mandrel 
20 705 is fiicilitated. The lubricant ,705 may comprise any number of conventional 
commercially available lubricants such as. for example, Lubriplate, chlorine based 
lubricants, oil based lulmcants, or Climax 1 500 Antisieze (3 1 00). The lubricant 750 
conpises Climax 1500 Antisieze (3100) available from HaUiburton Energy 
Services in Houston, TX in order to optimally provide lubrication to fadlitate flie 
25 extnisi(Hi process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may conprise any number of conventional commracially available 
30 overshot connections such as, for example, tonerstring Sealing Ad^ter, Inneistring 



Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot 
connection 755 co^^)rises a hmerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 

The support member 760 is prefimbly coiq)led to the overshot connection 755 
and a surface support structure (not illustrated). The siq>port member 760 preferably 
conqnises an annular member having sufficient strength to carry the apparatus 700 
into a new section of a wellbore. The support member 760 may con^se any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or ofter high strength tubulars modified in 
accordance with the teachings of the present disclosure. The support member 760 
con5)rise$ a conventional drill pipe available from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably conprises a spherical 
member having an outside diameter that is about 80 to 99% of the interior diameter ^ 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
commercially available stabilizers such as, for example, EZ Drill Star Guides, 
packer shoes or drag blocks modified in accordance with the teadiings of the present 
disclosure. The stabilizer 765 coniprises a sealing adapter upper guide available 
from Halliburton Energy Services in Dallas, TX. 

The siq[yport members 745 and 760 are thoroughly cleaned prior to assembly to 
flie remaining portions of the apparatus 700. In this manner, the introduction of 
foreign material into the qyparatus 700 is minimized. This minimizes the possibiUty 
of foreign material clogging the various flow passages and valves of the apparatus 
700. 

Before or after positioning the apparatus 700 within a new section of a 
wellbore, a couple of wellbore volumes are circulated through the various flow 
passages of the apparatus 700 in order to ensure that no foreign materials are located 
within the wellbore that might clog up the various flow passages and valves of the 



apparatus 700 and to ensure that no foreign naaterial interferes with flie «q)ansion 
mandrel 705 during the expansion process. 

The ^aratus 700 is opoated substantially as described above with refra^ce 
to Figs. 1-7 to form a new section of casing within a wellbore. 
5 As iUustrated in Fig. 8, The method and apparatus described herein is used to 

repair an existing wellbore casing 805 by forming a tubular liner 810 inside of the 
existing wellbore casing 805. An outer annular lining of cement is not provided in 
flie repaired section. Any number of fluidic materials can be used to expand Ae 
tubular liner 810 into intimate contact with the damaged section of the wellbore 
10 casing such as, for example, cement, epoxy, slag mix, or drilling mud. Sealing 
members 8 1 5 are prefoably provided at both ends of Ae tubxilar membw in order to 
optimally provide a fluidic seal. The tubular liner 810 is formed within a 
horizaitally positioned pqieline section, such as those used to tranq>ort 
hydrocarbons or water, wifli die tubular lino- 810 placed in an averlapping 
15 relationship with ttie adjacoit pipeline section. In this manner, underground 
pipelines can be repaired without having to dig out and replace the damaged 
sections. 

The method and apparatus described hraein is used to directly line a wellbore 
wifli a tubular lino- 810. An outer annular lining of cement is not provided 
20 between tfie tubular linw 810 and die wellbOTc, Any number of fhiicfic materials 
can be used to cxpmi the tubular liner 810 into intimate contact with the wdlbore 
sudi as, for exanq>le, cement, epoxy, shig mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, an apparatus 900 for forming a 
wellbore casing includes an expandable tubular member 902, a support member 904, 
25 an expandable mandrel or pig 906, and a shoe 908. The design and construction of 
the mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out In this manner, tiie assembly 900 can be easily removed from a wellbore 
using a conventional drilhng 85>paratus and corresponding drilling methods. 

The expandable tubular member 902 preferably includes an iqjpcr portion 910, 
30 an mtermediate portion 912 and a lower partim 914. During (^xration of die 



apparatus 900, the tubular member 902 is prefo^bly exinided off of the mandrel 906 
by pressurizing an intericn* region 966 of the tubular member 902. The tubular 
memb^ 902 preferably has a substantially annular cross-section. 

An expandable tubular member 915 is coupled to die upper portion 910 of the 
5 expandable tubular memiber 902. During operation ofthe apparatus 900, the tubular 
member 915 is preferably extruded oiT of the mandrel 906 by pressurizing the 
interior region 966 of the tubular meniber 902. The tubular member 915 preferably 
has a substantially aimular cross-section. The wall ^ckness of the tubular member 
915 is greater than the wall tiiiickness of the tubular member 902. 

10 The tubxilar member 915 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. The tubular member 915 is fabricated from 
oilfield tubulars in order to optimally provide approximately the same mechanical 
properties as the tubular member 902. The tubular member 915 has a plastic yield 

15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902. The tubular 
meniber 915 may comprise a plurality of tubular members coupled end to end. 

The upper end portion of the tubular member 915 includes one or more sealing 
members for optimally providing a fluidic and/or gaseous seal with an existing 

20 section of wellbore casing. 

The combined length of the tubular members 902 and 915 are limited to 
minimize the possibility of budding. For typical tubular member materials, the 
combined length of tiie tubular members 902 and 915 are limited to between about 
40 to 20,000 feet in length. 

25 The lower portion 914 of the tubular member 902 is preferably coupled to the 

shoe 908 by a threaded connection 968. The intmnediate portion 912 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 may be fabricated from any number of conventional 
commercially available materials such as, for exan^le, oilfield tubulars, low alloy 

30 steels, titanium or stainless steels. The tubular member 902 is &bricated from 




oilfield tubulais in order to optimally provide approximately the same mechanical 
properties as the tubular member 915. The tubular member 902 has a plastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
qjproximately flie same yield properties as the tubular member 915. 
5 The wall thidmess of the upper, intermediate, and lower portions, 910, 912 

and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 range from about 1/8 to 1.25 in order to 
optimally provide wall thickness that are about the same as the tubular membw 915. 
10 The wall thickness of the lower portion 914 is less than or equal to the wall 
thickness of the upper portion 910 in order to optimaUy provide a geometry that will 
fit into tight clearances downhole. 

The outer diametw of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, torn about 1.05 to 48 
15 inches. The outer diameter ofthe upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 range bom about 3 J4 to 19 inches in order to 
optimally provide the abihty to expand the most commonly used oilfield tubulars. 

The leag&i of &e tubular member 902 is preferably limited to between about 2 
to 5 feet in order to optimally provide oiough length to contain the mandrel 906 and 
20 a body of lubricant. 

The tiibular member 902 may con^rise any number of conventional 
^ coramerdaBy available tubular members modified in accordance with the teachings 
of the present disclosure. The tubular member 902 conqirises Oilfield Country 
Tubular Goods available from various U.S. steel mills. The tubular member 915 
25 may conqirise any number of conventional commercially available tubular members 
modified in accordance with the teachings of the present disclosure. The tubular 
member 915 comprises Oilfield Country Tubular Goods available from various U.S. 
steel mills. 

The various elements of the tiibuhff member 902 may be coupled using any 
10 number of conventional process such as, for example, threaded connections, welding 



or machined from one piece. The various elements of the tubular member 902 are 
coupled using welding. The tubular member 902 may conq)rise a plurality of 
tubular elements that are coupled end to end The various elements of the tubular 
member 91 S may be coupled using any number of conventional process such as» for 
exanqple, threaded connections, welding or machined from one piece. The various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coixpled end to 
end. The tubular members 902 and 915 may be coiq>led usmg any number of 
conventional process such as, for exanq>le, threaded connections, welding or 
machined frx>m one piece. 

The support member 904 preferably includes an innerstring adapter 916, a 
fluid passage 918, an upper guide 920, and a coupling 922. During operation of the 
apparatus 900, the support member 904 preferably supports the apparatus 900 during 
movement of the apparatus 900 within a wellbore. The support member 904 
preferably has a substantially annular cross-section. 

The support member 904 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel, coiled tubing or stainless steel. The support member 904 is fabricated from 
low alloy steel in order to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coiq>led U> and siqjported by a 
conventional drill string support from a surface locaticm. The innerstring ad^tor 
916 may be coupled to a conventional drill string siqyport 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. The fluid passage 918 is fluidicly coupled to the 
fluid passage 952. The fluid passage 918 is used to convey hardenable fluidic 
sealing materials to and from the apparatus 900. The fluid passage 918 may include 
one or more pressure relief passages (not illustrated) to release fluid pressure during 
positioning of the a?>paratus 900 within a wellbore. The fluid passage 918 is 
positioned along a longitudinal centerline of the apparatus 900. The fluid passage 



918 is selected to penmit the ccmveyance of hardenable fhudic materials at operating 
jHessures ranging from about 0 to 9,000 psi. 

The upper guide 920 is coupled to an vtpper portion of flie siqjport member 
904. The upper guide 920 preferably is adapted to center the support member 904 
5 wifliin the tubular member 915. The uppo" guide 920 may conq>rise any number of 
conventional guide members modified in accordance with the teachings of the 
presmt disclosure. The upper guide 920 coiiq)rises an innmlring adapter available 
from HaUiburton Energy Services in Dallas, TX order to optimally guide the 
apparatus 900 within the tubular member 915. 
10 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably courses a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for exan:5>le, welding, threaded 
connections or machined from one piece. The various elements of the support 
15 member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924. a rubber cup 926, an 
expansion cone 928, a Iowct cone retainer 930, a body of cement 932, a lower guide 
934, an extensi<Hi sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
xipper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
20 950, and a fluid passage 952. 

The retainer 924 is coiQ>led to tiie lubricator mandrel 946, lubricator sleeve 
948, and the rubber cup 926. The retainer 924 couples die rubber cup 926 to flie 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular cross- 
sectioa The retainer 924 may comprise any number of conventional commarially 
25 available retainers such as, for exanple, slotted spring pins or roll pin. 

Tlie rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946, 
and the lubricator sleeve 948. The rubber cup 926 prevents die entry of foreign 
materials into the interior region 972 of tfie tubular member 902 below the rubber 
cup 926. The rubber cup 926 may comprise any number of conventional 
30 commercially available rubber cups such as, for exan:5>le, TP cups or Selective 
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Injection Packer (SIP) cup. The rubber cup 926 comprises a SIP cup available from 
Halliburton Energy Services in Dallas, TX in order to optimally block foreign 
materials. 

A body of lubricant is further provided in the interior region 972 of ttie tubular 
5 member 902 in order to lubricate the interface between the exterior sur£Eice of the 
mandrel 902 and the interior surface of tiie tubular members 902 and 915. The 
lubricant may comprise any number of conventional commercially available 
lubricants such as, for example, Lubriplate, ddorine based lubricants, oil based 
lubricants or Climax ISOO Antiseize (3100). The lubricant comprises Climax 1500 

10 Antiseize (3100) available from Climax Lubricants and Equipmrat Co. in Houston, 
TX in order to optimally provide lubrication to facilitate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body of 
cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and the 
upper cone retainer 944. During operation of the apparatus 900, the tubular 

15 members 902 and 915 are extruded off of the outer surface of the expansion cone 
928. Axial movement of the expansion cone 928 is p^vented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944. Inner radial movement 
of the expansion cone 928 is prevented by the body of cement 932, the hoxising 940, 
and the upper cone retainer 944. 

20 The expansion cone 928 pref^ably has a substantially annular cross section. 

The outside diameter of the expansion cone 928 is preferably tq>a:ed to provide a 
cone sbapt. The wall fliickness of frie eT^ansion cone 928 may range, for exanq)le, 
from about 0.125 to 3 inches. The wall diickness of the expansion cone 928 ranges 
from about 0.25 to 0.75 inches in order to optimally provide adequate conqiressive 

25 strength with minimal material. The maximum and minimum outside diameters of 
the expansion cone 928 may range, for exanq)le, from about 1 to 47 inches. The 
maximum and minimum outside diameters of the expansion cone 928 range from 
about 3.5 to 19 in order to optimally provide expansion of generally available 
oilfield tubulars 
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The expansion cone 928 may be fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. The expansion cone 928 is fabricated from tool steel in order to 
optimally provide high strength and abrasion resistance. The surface hardness of tfie 
5 outer surface of the expansion cone 928 may range, for exanq>le, from about 50 
Rockwell C to 70 Rockwell C. Hie surface hardness of the outer surface of the 
expansion cone 928 ranges from about 58 Rockwell C to 62 Rockwell C in order to 
optimally provide high yield strength. The expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
10 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. Axial movement of the expansion cone 928 is prevented by the lower 
cone retainer 930. Preferably, the lower cone retainer 930 has a substantially 
annular cross-section. 

15 The lower cone retainer 930 may be fabricated from any numb«" of 

convmtional commercially available materials such as, for exan^le, ceramic, tool 
steel, titanium or low alloy steel. The Iowct cone retainer 930 is fabricated from 
tool steel in order to optimally provide high strength and abrasion resistance. The 
surface hardness of the outer surfece of the lower cone retainer 930 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C. The surface hardness of the 
outer surfece of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
^ Rodcwell C in order to optimally provide high yield strength* The lower cone 
retainer 930 is heat treated to q>timaUy provide a hard outer surface and a resilient 
interior body in order to optimally provide abrasion resistance and fracture 
25 toughness. 

The lower cone retainer 930 and the expansion cone 928 are fonned as an 
integral one-piece element in order reduce the number of conq>onents and increase 
tfie overall strength of the apparatus. The outer surface of the lower cone retainer 
930 preferably mates with the inner surfaces of the tubular members 902 and 915. 



The body of cement 932 is positioned within the interior of the mandrel 906. 
The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
5 conventional drilling device. 

The body of cement 932 may conqnise any number of convmtional 
commercially available cement compounds. Alternatively^ aluminum, cast iron or 
some other drillable metallic, con^osite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
10 section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower guide 
934 preferably has a substantially annular cross-section. 
15 The lower guide 934 may be fabricated from any number of conventional 

commercially available materials such as, for exanq>le, oilfield tubulars, low alloy 
steel or stainless steel. The lower guide 934 is fabricated from low alloy steel in 
order to optimally provide higji yield strength. The outer surface of the lower guide 
934 preferably mates wi& the inner surface of the tubular member 902 to provide a 
sliding fit 

The extension sleeve 936 is coiq>led to the lower guide 934 and the housing 
^ 940. During q>eration of the apparatus 900, the extrasion sleeve 936 preferably 
helps guide the movement of the mandrel 906 within the tubular member 902. The 
extrasion sleeve 936 preferably has a substantially annular oxiss-section. 

The extension sleeve 936 may be fiibricated from any number of conventional 
commercially available materials such as, for exanq>le, oilfield tubulars, low alloy 
steel or stainless steel. The extension sleeve 936 is fabricated from low alloy steel in 
order to optimally provide high yield straigth. The outer surface of the extension 
sleeve 936 preferably mates with the inner surface of die tubular member 902 to 
provide a sHding fit The extension sleeve 936 and the lower guide 934 are formed 



as an integral one-piece element in order to minimize the number of component and 
increase the strength of the q>paratus. 

The qjacer 938 is coupled to the sealing sleeve 942. The spacer 938 preferably 
includes the fluid passage 952 and is adapted to mate with the extension tube 960 of 
5 the shoe 908. In this manna-, a phig or dart can be conveyed from the surface 
through the fluid passages 918 and 952 into the fluid passage 962. Preferably, the 
spacer 938 has a substantially annular cross-section. 

The spacer 938 may be febricated from any number of conventional 
commercially available materials such as, for exan5)le, steel, aluminum or cast iron. 
10 The spacer 938 is fabricated from aluminum in order to optimally provide 
drillability. The end of the spacw 938 preferably mates with the end of the 
extension tube 960. The spacer 938 and the sealing sleeve 942 are formed as an 
integral one-piece element in ordo- to reduce the nuinber of conqjonaits and 
increase the strength of the apparatus. 
15 The housing 940 is coupled to the lower guide 934, extrasion deeve 936, 

K^ansim cone 928, body of cement 932, and lower ame retainer 930. During 
opraatiOT of flie apparatus 900, die housing 940 preferably prevaits inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 

20 The housing 940 may be febricated from any number of eonvcmtional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
. steel or stainless steel. The housing 940 is febricated from low alloy steel in rader to 
optimally provide higji yield strength. The lower guide 934, extensiwi sleeve 936 
and bousing 940 are fonned as an integral one-piece elemoit in order to minimize 
25 tiie number of components and increase the strength of the apparatus. 

The interior surfece of the housing 940 includes one or more protrusions to 
fecilitate the connection between the housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. ibe body of 
cement 932. tiie spacer 938, and Ae upper cone retainer 944. During operation of 
30 the apparatus, die sealing sleeve 942 preferably provides support for flie mandrel 
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906. The sealing sleeve 942 is preferably coupled to the support member 904 usmg 
the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
5 commercially available materials such as, for exanq>Ie, steel, aluminum or cast iron. 
The sealing sleeve 942 is fabricated from aluminum in order to optimally provide 
drillability of the sealing sleeve 942. 

The outer surface of the sealing sleeve 942 includes one or more protrusions to 
facilitate the COTnection between the sealing sleeve 942 and the body of cement 932. 
10 The spacer 938 and the sealing sleeve 942 are integrally formed as a one-piece 

element in order to minimize the nimiber of components. 

The upper cone retainer 944 is coupled to flie expansion cone 928, the sealing 
sleeve 942, and the body of cement 932. During operation of the apparatus 900, the 
upper cone retainer 944 preferably prevents axial motion of the expansion cone 928. 
1 5 Preferably, the upper cone retainer 944 has a substantially annular cross-section. 

The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. The upper cone retainer 944 is fabricated from ahraiinum in 
order to optin^y provide drillability of the upper cone retainer 944. 
20 The upper cone retainer 944 has a cross-sectional shape designed to provide 

increased rigidity. The upper cone retainer 944 has a cross-sectional shape that is 
^ substantially I-shaped to provide increased rigidity and minimize the amount of 
material that would have to be drilled out 

The lubricator mandrel 946 is coi^led to the retainer 924, Ae rubber cup 926, 
25 flie upper cone retainer 944. the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for hihricating the interface between the 
mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 



The lubricator mandrel 946 may be fabricated from any numbw of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. The lubricator mandrel 946 is falwicated from aluminum in 
order to optimally provide drillability of Ae lubricator mandrel 946. 
5 The lubricator sleeve 948 is coupled to the lubricate mandrel 946, the retainer 

924, Ac rubber cup 926, Ae upper cone retainer 944, the lubricatw sleeve 948, and 
tiie guide 950. During operation of the ^aratus 900, tiie lubricator sleeve 948 
preferably siq>ports ttie rubber cup 926. Preferably, the lubricatw sleeve 948 has a 
substantially annular cross-section. 
10 The lubricator sleeve 948 may be fabricated from any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast iron. 
The lutoicator sleeve 948 is fabricated from aluminum in order to q>timally provide 
drillability of the lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is siqjported by die lubricator 
15 mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 cot4>les the rubber cxcp 926 to flie hibricator sleeve 948. Seals 949a and 
949b are provided between Ae lubricator mandrel 946, hibricator sleeve 948, and 
rubber cup 926 in order to optimaUy seal off the intoior region 972 of the tubular 
member 902. 

20 The guide 950 is coupled to the hibricator mandrel 946, the retainw 924, and 

the lubricate sleeve 948. During operation of Ae a^aratus 900, tiie guide 950 
preferably guides the qiparatus on flie support member 904. Preferably, the guide 
950 has a substantially annular cross-sectim. 

The guide 950 may be fabricated from any number of conventional 

25 commercially available materials such as, for exan^le, steel, aluminum or cast iron. 
The guide 950 is fabricated from aluminum order to optimally provide drillability 
ofthe guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operation ofthe 
iqjparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
30 The fluid passage 952 is positioned about the centwiine of the apparatus 900. The 



fluid passage 952 is adapted to convey hardenable fluidic materials at pressures and 
flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to 
optimally provide pressures and flow rates to displace and circulate fluids during the 
installation of the apparatus 900. 
5 The varioiis elements of the mandrel 906 may be coiq>led using any nund^er of 

conventional process such as, for example, threaded connections, welded 
connections or cemmting. The various elements of the mandrel 906 are coupled 
using threaded c(Hmections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
10 sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964, 

The housing 954 is coupled to the body of cement 956 and the lower portion 
914 of the tubular member 902. During operation of the apparatus 900, the housing 
954 preferably couples the lowo: portion of Ae tubular member 902 to the shoe 908 
1 5 to facilitate the extrusion and positioning of the tubular member 902. Preferably, the 
housing 954 has a substantially annular CTOss-section. 

The housing 954 may be &bricated from any number of conventional 
commercially available materials such as, for exanq>le, steel or aluminum. The 
housing 954 is fabricated from aluminum in order to optimally provide drillability of 
20 the housing 954, 

The interior surface of the housing 954 includes one or more protrusions to 
facilitate the connection between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and Ae sealing sleeve 
958. The conqiosition of the body of cement 956 is selected to permit tte body of 
25 cement to be easily drilled out using conventional drilling machines and processes. 

The composition of the body of cemeoX 956 may include any number of 
conventional cement compositions. A drillable material such as, for exan:q)le, 
aluminum or iron may be substituted for the body of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
30 tube 960, the fluid passage 962, and one or more outlet jets 964. During opmtion 
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of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 and 
then into the outlet jets 964 in order to inject flie hardenable fluidic material into an 
annular region external to the tubular member 902. During operation of Ae 
5 apparatus 900, the sealing sleeve 958 further includes an inlet geometry that permits 
a convrational plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In Ais manner, the fluid passage 962 may be blocked thereby fluidicly 
isolating 4e mterior region 966 of the tubular member 902. 

The sealing sleeve 958 has a substantially annular cross-section. The sealing 
10 sleeve 958 may be fabricated from any number of conventional commercially 
available materials such as, for exanq^le, steel, aluminum or cast iron. The sealing 
sleeve 958 is febricated from aluminum in order to optimally provide drillability of 
the sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
15 962, and one or more outlet jets 964. During operaticwi of flie apparatus 900, the 
extension tube 960 preferably is ads^ted to convey a hardenable fluidic material 
from the fluid passage 952 into flie fluid passage 962 and then into the outlet jets 
964 in order to inject the hardenable fluidic material into an annular region external 
to the tubular member 902. During operation of the apparatus 900, the sealing 
20 sleeve 960 fiirAer includes an inlet geometry that permits a conventional plug or 
dart 974 to become lodged in the inlet of the sealing sleeve 958. In this manner, the 
^ fluid passage 962 is blocked thereby fluidicly isolating the interior region 966 of the 
tubular member 902. One end of the extension tube 960 mates wifli one end of the 
spacer 938 in order to optimally facilitate the transfer of matOTal between the two. 
25 The extension tube 960 has a substantially annular o-oss-section. The 

extension tube 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
The extension tube 960 is fabricated from aluminum in order to optimally provide 
drillability of the extension tube 960. 



The fluid passage 962 is coupled to the sealing sleeve 958, Ae extension tube 
960, and one or more oudet jets 964. During operation of the ^iparatus 900, the 
fluid passage 962 is preferably conveys hardenable fluidic materials. The fluid 
passage 962 is positioned about the centerline of the apparatus 900. The fluid 
5 passage 962 is adapted to convey hardenable fluidic materials at pressures and flow 
rate ranging &om about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to 
optimally provide fluids at operationally efficimt rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 
960, and the fluid passage 962. During op«ation of the qjparatus 900, the outlet 
10 jets 964 preferably convey hardenable fluidic material from the fluid passage 962 to 
the region exterior of the apparatus 900. The shoe 908 includes a plurality of outlet 
jets 964. 

The outlet jets 964 comprise passages drilled in the housing 954 and the body 
of cement 956 in order to sin^lify die construction of the apparatus 900. 
15 The various elements of the shoe 908 may be coupled using any number of 

conventional process such as, for exan^le, threaded connectiiMis, cement or 
machined from one piece of material. The various elements of the shoe 908 are 
coupled using cement 

The assembly 900 is operated substantially as desaibed above with reference 
20 to Figs. 1-8 to CTeate a new section of casing in a wellbore or to repair a wellbore 
casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, a 
drill string is used in a well known manner to drill out material from the 
subterranean formation to form a new section. 

25 The apparatus 900 for forming a wellbore casing in a subterranean formation is 

Aen positioned in the new section of the wellbore. The apparatus 900 includes the 
tubular member 915. A hardenable fluidic sealing hardenable fluidic sealing 
material is then punqjed from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 

30 int^or region 966 of the tubular member 902 below the mandrel 906. The 
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hardcnabic fluidic sealing material then passes from the interior region 966 into flie 
fluid passage 962. The hardenable fluidic sealing material ±m exits the aiq>aratus 
900 via the outlet jets 964 and fills an annular region between the exterior of the 
tubular member 902 and the interior wall of the new section of flie wellbore. 
5 Continued pumping of fte hardenable fluidic sealing material causes the material to 
fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably punped into flie annular 
region at pressures and flow rates ranging, for exanqjle, from about 0 to 5,000 psi 
and 0 to 1,500 gallons/min, respectively. The hardenable fluidic sealing material is 
10 punqjed into the annular region at pressures and flow rates that are designed for the 
specific wellbore section in order to optimize the displacement of the hardenable 
fluidic sealing material while not seating high enough circulating pressures such 
that circulation might be lost and that could cause the wellbore to collapse. The 
optimum pressures and flow rates are preferably determined using conventional 
1 5 empirical methods. 

The hardmable fluidic sealing material may conqirise any number of 
conventional commm:ially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. The hardenable fluidic sealing material 
comprises blended cements designed specifically for the well section being lined 
20 available fit)m Halliburton Energy Services in DaUas, TX in order to optimally 
provide support for the new tubular member while also maintaining optimal flow 
characteristics so as to minimize operational diflBculties during the displacement of 
tfie cement in the annular region. The optimum conqwsition of the blended cements 
is preferably determined using conventional en^irical methods. 
25 The annular region preferably is filled with the hardenable fluidic sealing 

material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled 
with hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
30 sealing material, a plug or dart 974, or other similar device, preferably is introduced 



into the fluid passage 962 Aereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the external annular region. A non hardenable iluidic 
material is then pumped into the interior region 966 caiising the interior region 966 
to pressurize. The phig or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974» or other similar 
device into the non hardenable fluidic material. In this manner, fte amount of cured 
material within the interior of the tubular mraibers 902 and 91 5 is minimized. 

Once the interior region 966 becomes sufSdently pressurized, the tubular 
membCTS 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
be fixed or it may be expandable. During the extrusion process, the mandrel 906 is 
raised out of the expanded portions of the tubular members 902 and 915 using the 
support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location in a 
conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSQ latch-down plug. Omega latch-down 
plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. The plug or dart 974 coniprises a MSG latch-down plug 
available fiiom Halliburton Energy S^ces in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably punqied into the interior region 966 at 
pressures and flow rates ranging fix>m approximately 500 to 9,000 psi and 40 to 
3,000 galloos/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure of 
the interior region 966 reaches approximately 500 to 9,000 psi. The extrusion of the 
tubular members 902 and 915 off of the mandrel 906 begins when the pressure of 



the interior region 966 readies approximately 1.200 to 8,500 psi with a flow rate of 
about 40 to 1250 gallons/ndnute. 

During the extrusion process, tiie mandrel 906 may be raised out of the 
expanded portions of the tubular members 902 and 915 at rates ranging, for 
5 exan^le, from about 0 to 5 ft/sec. During the extrusion process, die mandrel 906 is 
raised out of the expanded portions of the tubular members 902 and 915 at rates 
ranging from about 0 to 2 ft/sec in order to optimally provide pulling speed fast 
CTough to permit efficient operation and permit full expansion of the tubular 
members 902 and 915 prior to curing of the hardenable fluidic sealing material; but 
10 not so fast that timely adjustment of operating parameters during operation is 
prevented. 

When the xxpper end portion of the tubular member 915 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 915 
will preferably contact the interior surface of the lower aid portion of the existing 
15 casing to form an fluid tight overlapping joint. Hie contact pressure of the 
overlapping joint may range, for example, from approximately 50 to 20,000 psi. 
The contact pressure of the overlying joint between the ui^r end of ttie tubular ^ 
member 915 and the existing section of wellbore casing ranges from ^proximately 
400 to 10,000 psi in order to optimally provide contact pressure to activate tfie 
20 sealing members and provide optimal resistance such that the tubular member 915 
and existing wellbore casing will carry typical tensile and comiiressive loads. 

The operating pressure and flow rate of the non hardoiable fluidic material 
will be controllably ramped down when the mandrel 906 reaches the upper end 
portion of the tubular meniber 915. In this manner, Ae sudden release of pressure 
25 caused by the complete extrusion of the tubular member 91 5 off of the expandable 
mandrel 906 can be minimized. The operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has conipleted approximately all but about the last 
5 feet of the extrusion process. 



The operating i^essure and/or flow rate of the hardenable fluidic sealing 
matmal and/or the non hardenable fluidic material are controlled during all phases 
of ttie opmtion of the apparatus 900 to minimize shock. 

Alternatively, or in combination, a shock absorber is provided in the support 
5 member 904 in order to absorb die shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

Once fhe extrusion process is coinpleted, the mandrel 906 is removed from the 
10 wellbore. Either before or after the removal of the mandrel 906, the integrity of the 
fluidic seal of the overlapping joint between the upper portion of the tubular member 
915 and the lower portion of the existing casing is tested using conventional 
methods. If the fluidic seal of the overlapping joint between the upper portion of the 
tubular member 915 and the lower portion of the existing casing is satisfactory, then 
15 the uncured portion of any of the hardraable fluidic sealing material within the 
expanded tubular member 915 is then removed in a conventional manner. The 
hardenable fluidic sealing material within the annular region between the expanded . . 
tubular member 915 and the existing casing and new section of wellbore is then 
allowed to cure. 

20 Preferably any remaining cured hardenable fluidic sealing material witiiin the 

interior of the expanded tubular members 902 and 915 is then rmx>ved in a 
conventional manner using a conventional drill string. The resulting new section of 
casing preferably includes the expanded tubular members 902 and 915 and an outer 
annular layer of cured hardenable fluidic sealing material. The bottom portion of the 

25 apparatus 900 conq)rising tiie shoe 908 may then be removed by drilling out the 
shoe 908 using convmtional drilling methods. 

During tiie extrusion process, it may be necessary to remove the entire 
apparatus 900 from the interior of the wellbore due to a malfunction. In this 
circumstance, a conventional drill string is used to drill out the interior sections of 

30 the apparatus 900 in order to facilitate the removal of the remaining sections. The 
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intmor elements of the apparatus 900 are fabricated from materials such as, for 
exanple, cement and aluminum, tihat permit a conventional drill string to be 
ennployed to drill out the interior continents. 

In particular. The con[q>osition of the interior sections of the mandrel 906 and 
5 shoe 908, including one or more of the body of cement 932, the spacer 938, the 
sealing sleeve 942, the upper cone retainer 944, the lubricator mandrel 946, the 
lubricator sleeve 948, the guide 950, the housing 954, the body of cement 956, the 
sealing sleeve 958, and the extension tube 960, are selected to permit at least some 
of these con5)onents to be drilled out using conventional drilling methods and 
10 apparatus. In this manner, in the event of a malfunction downhole, the apparatus 
900 may be easily removed from the wellbore. 

Refemng now to Figs. lOa, 10b, 10c, lOd, lOe, lOf, and lOg a mefliod arid 
^)paratus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. lOa, a wellbore 1000 positioned in a subterranean formation 1002 
15 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
a cement annulus 1014. The second casing 1006 is formed by e3q)anding a tubular 
member substantially as described above with reference to Figs. l-9c or below witt) 
20 reference to Figs. 1 la-1 1£ 

An upper portion of the tubular liner 1012 overlaps with a lower portion of the 
tubular liner 1008. An outer surface of the upper portion of the tubular liner 1012 
includes one or more sealing members 1016 for providing a fluidic seal between tiie 
tubular liners 1008 and 1012. 
25 Referring to Fig. 10b, in order to create a tie-back liner that extends from tiie 

overlap between the first and second casings, 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1105, a tubular 
member 1110, a shoe 1115, one or more ctqi seals 1120, a fluid passage 1130, a 
fluid passage 1135, one or more fluid passages 1140, seals 1145, and a support 
30 member 1150. 



The expandable mandrel or pig 11 OS is coupled to and supported by the 
support member 11 SO. The expandable mandrel 11 OS is preferably ^dsapttd to 
controUably expand in a radial direction. The expandable mandrel 11 OS may 
conprise any number of conventional corom^ally available expandable mandrels 
modified in accordance wi& the teachings of the present disclosure. The 
expandable mandrel 11 OS coiiq>rises a hydraulic expansion tool substantially as 
disclosed in U.S. Pat No. S,348,09S, the disclosure of which is incorporated hmin 
by reference, modified in accordance with flie teachings of tiie present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member llOS is expanded in Ae radial direction and 
extruded off of the expandable mandrel 1 lOS. The tubular member 1110 may be 
fabricated fit)m any nimiber of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. The tubular member 1 1 10 is 
fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
The inner and outer diameters of the tubular member 1110 range from about 3 to 
15.5 inches and 3,5 to 16 inches, respectively in order to optimally provide coverage 
for typical oilfield casing sizes. The tubular member 1110 preferably conqnises a 
solid member. 

The upper end porticm of the tubular member 1 1 10 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 1 105 when it completes the 
extrusion of tubular member 1110. The loigtfi of the tubular member 1110 is 
limited to minimize the possibility of buckling. For typical tubular member 1 1 10 
materials, the length of the tubular member 1 1 10 is preferably limited to between 
about40 to 20,000 feetin lengflL 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubiilar 
member 1110. The shoe 1115 includes the fluid passage 1 135. The shoe 1115 may 
conq>rise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe. Super Seal II Down Jet float shoe or a guide shoe 



with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 1115 comprises an aluminum down- 
jet guide shoe with a sealing sleeve for a latch-down plug with side ports radiating 
off of the exit flow port available from Halliburton Energy Services in Dallas, TX, 
5 modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 1100 to the overlap betwem the tubular 
member 1100 and the casing 1012, optimally fluidicly isolate the interior of the 
tubular member 1100 after the latch down plug has seated, and optimally permit 
drilling out of the shoe lllS after completion of the expansion and cementing 
10 operations. 

The shoe 1115 includes one or more side outlet ports 1140 in fluidic 
communication with the fluid passage 1 135. In this manner, the shoe 1115 injects 
hardenable fluidic sealing mat^al into the region outside the shoe 1115 and tubular 
member 1110. The shoe 1115 includes one or more of the fluid passages 1 140 each 
15 having an inlet geometry that can receive a dart and/or a ball sealing member In 
this manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1 130. 

The cup seal 1 120 is coupled to and supported by flie support member 1 150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of the 
tubular member 1 1 10 adjacent to the expandable mandrel 1 105* The axp seal 1 120 
may comiHise any number of conventional commercially available cup seals such 
as, for exan^le, TP cups or Selective Injection Packer (SEP) cups modified in 
accordance wifli the teachings of tiie present disclosure. The cup seal 1 120 
comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX in 
order to optimally provide a barrier to debris and contain a body of lubricant. 

The fluid passage 1 130 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1110 below the expandable mandrel 1 105. 
The fluid passage 1130 is coiq>led to and positioned within the support member 
1 1 50 and the expandable mandrel 1 105. The fluid passage 1 130 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 



IIOS. The fluid passage 1130 is preferably positioned along a centerline of the 
apparatus 1 100. The fluid passage 1 130 is preferably selected to transport materials 
such as cement, drilling mud or q)oxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally provide 
5 sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1 135 pmnits fluidic materials to be transmitted from fluid 
passage 1 130 to the interior of the tubular member 1 1 10 below the mandrel 1 1 OS. 

The fluid passages 1 140 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1 1 10 and shoe 1 1 IS. The fluid passages 

10 11 40 are coupled to and positioned within the shoe 1 1 IS in fluidic communication 
with the interior region of the tubular member 1110 below the expandable mandrel 
1 IDS. The fluid passages 1 140 preferably have a cross-sectional shape that permits 
a plug, or other similar device, to be placed in the fhtid passages 1140 to thereby 
block fiirttier passage of fluidic materials. In this manner, the interior region of the 

15 tubular member 1110 below the expandable mandrel 1 105 can be fluidicly isolated 
from the region exterior to the tubular nnember 1105. This permits the interior 
region of the tubular member 1110 below the expandable mandrel 1105 to be 
pressurized* 

The fluid passages 1 140 are preferably positioned along the periphery of the 
20 shoe 1 1 15. The fluid passages 1 140 are preferably selected to convey materials such 
as cement, drilling mud or epoxies at flow rates and i»*essures ranging from about 0 
to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1110 and the tubular liner 1008 with fluidic 
materials. The fluid passages 1 140 include an inlet geomet^^ that can receive a dart 
25 and/or a ball sealing member. In this manner, the fluid passages 1 140 can be sealed 
off by introducing a plug, dart and/or ball sealing elements into the fluid passage 
1 130. The apparatus 1 1 00 includes a plurality of fluid passage 1 140. 

The base of the shoe 1115 includes a single inlet passage coupled to the fluid 
passages 1 140 that is adapted to receive a plug, or other similar device, to penmt the 
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interior region of the tubular member 1 1 10 to be iluidicly isolated from the exterior 

of Ae tubular member 1 1 10. 

The seals 1 145 are coupled to and supported by a lower end portion of the 

tubular member 1110. The seals 1 145 are iuitiier positicmed on an outer surfece of 
5 the lower end portion of the tubular member 1110. The seals 1145 permit the 

overlapping joint between the upper end portion of the casing 1012 and the lower 

end portion of the tubular member 1 1 1 0 to be fluidicly sealed. 

The seals 1145 may con^nise any number of conventional commercially 

available seals such as, for exanple, lead» rubb^, Teflon or epoxy seals modified in 
10 accordance with the teachJngs of the present disclosure. The seals 1 145 comprise 

seals molded from Stratalock epoxy available from HalUburton Energy Services in 

Dallas, TX in order to optimally provide a hydraulic seal in the overlapping joint 

and optimally provide load carrying capacity to withstand the range of typical tensile 

and conq)ressive loads. 
15 The seals 1 145 are selected to optimally provide a sufiBcient frictional fwce to 

support the expanded tubular member 1110 from the tubular hnec 1008. The 

frictional force provided by the seals 1 145 ranges from about 1,000 to 1,000,000 Ibf 

in tension and compression in ord^ to optimally suf^ort the expanded tubular 

member 1110. 

20 The support member 1 150 is coupled to the expandable mandrel 1 105, tubular 

member 1110, shoe 1115, and seal 1120. The support member 1150 preferably 
comprises an annular member having sufficient strength to carry the apparatus 1 100 
into the wellbore 1000. The support memb«- 1 150 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the tubular member 1110. 

25 A quantity of lubricant 1150 is provided in the atmular regicm above the 

expandable mandrel 1 105 within the interior of the tubular member 1110. In this 
manner, the extrusion of the tubular member 1110 off of the expandable mandrel 
1 105 is facilitated The lubricant 1 150 may conqnise any number of conventional 
commercially available lubricants such as, for example, Lubriplate, chlorine based 

30 lubricants or Climax 1500 Antiseize (3100). The lubricant 1 150 comprises Climax 



1500 Antiseize (3100) available from Climax Lubricants and Equipment Co. in 
Houston, TX in order to optimally provide lubrication for the extrusion process. 

The support member 1150 is thoroughly cleaned prior to assembly to the 
remaining portions of the apparatus 1100. In this manner, the introduction of 
5 foreign xnaimBl into the apparatus 1100 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 1 100 and to ensure that no foreign material interferes with the expansion 
mandrel 1 105 during the extrusion process. 

The apparatus 1100 includes a packer 1155 coupled to the bottom section of 
10 the shoe 1115 for fluidicly isolating the region of the wellbore 1000 below the 
apparatus 1100. In this manner, fluidic materials are prevented from entering the 
region of the wellbore 1000 below the apparatus 1100. The packer 1155 may 
con[iprise any number of conventional commercially available packers such as, for 
example, EZ Drill Packer, EZ SV Packer or a drillable cemait retainer. The packer 
15 1155 conqnises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, TX. A high gel strength pill may be set below die tie-back in place of the 
packer 1 1 55. The padcer 1 1 55 may be omitted. 

Before or after positioning the apparatus 1100 within the wellbore 1100, a 
couple of wellbore volumes are circulated in order to ensure tibat no foreign 
20 materials are located within the wellbore 1000 that might clog up the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the operation of the expansion mandrel 1 10S« 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 
pumped from a surface location into the fluid passage 1 130. The material 1 160 then 
25 passes from tiie fluid passage 1 130 into the interior region of the tubular member 
1110 below the expandable mandrel 1 105. The material 1 160 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 
material 1 160 then exits the apparatus 1 100 and fills the annular region between the 
exterior of the tubular member 1 110 and the interior wall of the tubular liner 1008. 



Continued pumping of the material 1 160 causes the materia] 1 160 to fill up at least a 
portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
5 gallons/min, respectively. The material 1 160 is pumped into the annular region at 
pressures and flow rates specifically designed for the casing sizes being run, the 
annular spaces being filled, the punping equipment available, and the properties of 
the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 

10 The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for exanq)le, slag mix, cement or epoxy. The hardenable fluidic sealing material 
1 160 comprises blended cements specifically designed for well section being tied- 
back, available from HalUburton Ena-gy Services in Dallas, TX in order to optimally 

15 provide proper siq>port for the tubular member 1110 while maintaining optimum 
flow characteristics so as to niinimize operational difficulties during the 
di^lacement of cement in the annular region. The optimum blend of the blended 
cements are preferably determined using conventicmal enq}irical methods. 

The annular region may be filled witii the matmal 11 60 in sufficient quantities 

20 to ensure that, upon radial expansion of the tubular member 1 1 1 0, the annular region 
vriU be filled with material 1 160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1 160, one or more plugs 1 165, or other similar devices, preferably are 
introduced mto the fluid passages 1 140 thereby fluidicly isolating the interior region 

25 of the tubular member 1110 from the annular region external to the tubular member 
1110. A non hardenable fluidic matmal 1161 is then pumped into the interior 
region of the tubular member 1110 below the mandrel 1 105 causing the interior 
region to pressurize. The one or more plugs 1165, or ottier similar devices, are 
introduced into the fluid passage 1140 with the introduction of the non hardenable 



fluidic material. In this manner, the amount of hardenable fluidic material within 
Ae interior of the tubular member 1 1 10 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
5 11 OS. During the extrusion process, the expandable mandrel 1 1 OS is raised out of 
the expanded portion of tfie tubular member 1 1 10. 

The plugs 116S are preferably placed into ttie fluid passages 1140 by 
introducing the plugs 11 6S into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may con^se any number of conventional 

10 commercially available devices from plugging a fluid passage such as, for example, 
brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of 
the present disclosure. 

The plugs 1 165 con^rise low density rubber balls. For a shoe 1 105 having a 
common central inlet passage, the plugs 1 165 comprise a single latch down dart. 

15 After placement of the plugs 1165 in the fluid passages 1140, the non 

hardenable fluidic material 1 161 is preferably pumped into the interior region of the 
tubular membra- 1110 below the mandrel 1105 at pressures and flow rates ranging 
from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 

20 fluidic materia] 1161 is preferably punQ>ed into the interior region of the tubular 
member 1110 below ttie mandrel 1105 at (pressures and flow rates ranging from 
approximately 1200 to 8500 psi and 40 to 1250 gallons/min in order to optimally 
provide extrusion of typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1110 

25 off of the expandable mandrel 1 105 will begin when the pressure of the interior 
region of the tubular member 1110 below the mandrel 1 105 reaches, for example, 
approximately 1200 to 8500 psi. The extrusion of the tubular member 1 1 10 off of 
the expandable mandrel 1 105 begins when the pressure of die interior region of the 
tubular member 1110 below the mandrel 1 105 reaches approximately 1200 to 8500 

30 psi. 
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During the exirusion process, the expandable mandrel 1 105 may be raised out 
of die expanded portion of the tubular member 1 1 10 at rates ranging, for example, 
from about 0 to S il/sec. During the extrusion process, the expandable mandrel 1 105 
is raised out of the expanded portion of the tubular member 1 1 10 at rates ranging 
5 from about 0 to 2 fl/sec in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extrusion process will be 
conq)leted before the materia] 1 160 cures. 

At least a portion 1 180 of the tubular member 1 1 10 has an internal diameter 
less than the outside diameter of the mandrel 1105* In this manner, when the 
10 mandrel 1105 expands the section 1180 of the tubular member 1110, at least a 
portion of the expanded section 1180 effects a seal with at least the wellbore casing 
1012. The seal is effected by compressing the seals 1016 between the expanded 
section 1180 and the wellbore casing 1012. The contact pressure of the joint 
between the expanded section 1 1 80 of the tubular member 1110 and die casing 1012 
15 ranges from about 500 to 10,000 psi in order to optimally provide pressure to 
activate the sealing members 1 145 and provide optimal resistance to ensure that the 
joint will withstand typical extremes of tensile and concessive loads. 

Substantially all of the entire length of the tubular member 1110 has an 
internal diameter less than the outside diameter of the mandrel 1 105. In this manner, 
20 extrusion of the tubular member 1110 by the mandrel 1105 results in contact 
between substantially all of the expanded tubular member 1110 and the existing 
casing 1008. The contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi in 
order to optimally provide pressure to activate the sealing members 1145 and 
25 provide optimal resistance to ensure that the joint will withstand typical extremes of 
tensile and compressive loads. 

The operating pressure and flow rate of the material 1161 is controllably 
ranq>ed down when the expandable mandrel 1105 reaches the upper end portion of 
the tubular member 1110. In this manner, die sudden release of pressure caused by 
30 the complete extrusion of the tubular member 1 1 10 off of die expandable mandrel 
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11 OS can be miniinized. The operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end of 
the extrusion process beginning when the mandrel 1105 has conq>leted 
approximately all but about S feet of the extrusion process. 

Alternatively, or in conibination» a shock absorber is provided in the support 
member 1 150 in order to absoib the shock caused by die suddm release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion of tfie tubular member 1 1 10 in order to catch or at least 
decelerate tfie mandrel 1 105. 

Referring to Fig, lOf, once the extrusion process is completed, the expandable 
mandrel 1105 is removed from the wellbore 1000. Eitfier before or after the 
removal of the expandable mandrel 1 105» the integrity of the fluidic seal of the joint 
between the upper portion of the tubular member 1110 and the upper portion of the 
tubular liner 1108 is tested using conventional methods. If the fluidic seal of the 
joint between the \xppcr portion of the tubular member 1110 and the upper portion of 
the tubular liner 1008 is satisfactory, then the uncured portion of the material 1 160 
within the expanded tubular member 1110 is then removed in a convrational 
manner. The material 1 160 wifhin the annular region between tiie tubular member 
1110 and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1 160 within 
the interior of the expanded tubular member 1 1 10 is then removed in a conventicmal 
manner using a conventional drill string. The resulting tie-back liner of casing 1 1 70 
includes tfie expanded tubular member 1110 and an outer annular layer 1175 of 
cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 1 100 
conqnising the shoe 1115 and packer 1155 is ihen preferably removed by drilling 
out the shoe 1115 and packer 1 155 using conventional drilling methods. 

The apparatus 1 1 00 incorporates the apparatus 900. 

Referring now to Figs. 1 la- 1 If, an apparatus and method for hanging a tubular 
liner off of an existing wellbore casing will now be described. As illustrated in Fig. 



1 la, a wellbore 1200 is positicmed in a subterranean formation 1205. The wellbore 
1200 includes an existing cased section 1210 having a tubular casing 1215 and an 
annular outer layer of cement 1220. 

In order to extend Ae wellbore 1200 into the subterranean fonnation 1205, a 
5 drill string 1225 is used in a well known manner to drill out material from Ae 
subterranean formation 1205 to form a new section 1230. 

As illustrated in Fig. 1 lb, an apparatus 1300 for forming a wellbore casing in a 
subterranean formation is then positioned in the new section 1230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, a 
10 tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
fluid passage 1335, seals 1340, a suiq^cnt member 1345, and a wiper plug 1350. 

The expandable mandrel. 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may con^se any 
15 number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of ttie present disclosure. The expandable mandrel 
1305 comprises a hydraulic expansion tool substantially as disclosed in U.S. Pat 
No. 5,348,095, the disclosure of which is incorporated herein by referrace, modified 
in accordance with the teachings of the present disclosure. 
20 The tubular member 1310 is- coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated firom any number of materials such as, for exan^)le. Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic casing. 
25 The tubular member 13 10 is fabricated from OCTG. The inner and outer diameters 
of the tubular member 1310 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. The inner and outer diameters of the 
tubular member 1310 range from about 3 to 15.5 inches and 3.5 to 16 indies, 
respectively in order to optimally provide minimal telescoping effect in Ifae most 
30 commonly encountered wellbore sizes. 
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The tubular member 1310 includes an upper portion 13SS» an intermediate 
portion 1360, and a lower portion 1365. The wall thickness and outer diametCT of 
the upper portion 13SS of the tubular member 1310 range from about 3/8 to 1 Vi 
inches and 3 to 16 inches, respectively. The wall thickness and outer diameter of 
5 the intermediate portion 1360 of the tubular member 1310 range from about 0.625 to 
0.75 inches and 3 to 19 inches, respectively. The wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 3/8 to 1.5 
inches and 3.5 to 16 inches, respectively. 

The outer diameter of the lower portion 1365 of the tubular member 1310 is 
10 significantly less than the outer diameters of the upper and intermediate portions, 
1355 and 1360, of the tubular member 1310 in order to optimize the formation of a 
concentric and overlapping arrangement of wcllbore casings. In this maimer, as will 
be described below with reference to Figs. 12 and 13, a wellhead system is optimally 
provided. The formation of a wellhead system does not include the use of a 
15 hardenable fluidic material. 

The wall thickness of the intermediate section 1360 of the tubular member 
1310 is less than or equal to the wall thickness of the upper and lower sections, 1355 
and 1365, of the tubular member 1310 in order to optimally fiunlitate tiie initiation 
of Ae extrusion process and optimally pmnit the placement of the apparatus in areas 
20 of the wellbore having tight clearances. 

The tubular member 1310 preferably comprises a solid member. The upper 
end portion 1355 of the tubular member 1310 is slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 1305 when it con^letes tfie extrusion of 
tubular member 1310. The length of the tubular member 1310 is limited to 
^ minimize the possibility of buckling. For typical tubular member 1310 materials, 
the lengdi of the tubular member 13 10 is preferably limited to between about 40 to 
20,000 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise any 
30 number of conventional commercially available shoes such as, for example, Super 



Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. The shoe 13 IS conq>rises an aluminum down-jet guide shoe 
with a sealing sleeve fear a latch-down plug available from Halliburton Energy 
5 Services in Dallas» TX, modified in accordance with the teachings of the present 
disclosure, in order to optimally guide the tubular member 1310 into the wellbore 
1200, optimally fluidicly isolate the interior of the tubular member 1310. and 
optimally permit the complete drill out of the shoe 1315 upon the con5)letion of the 
extrusion and cementing operations. 
10 The shoe 1315 further includes one or more side outlet ports in fluidic 

communication with the fluid passage 1330. In this manner, the shoe 1315 
preferably injects hardenable fluidic sealing material into the region outside the shoe 
1315 and tubular member 1310. The shoe 1315 includes ttie fluid passage 1330 
having an inlet geometry ftat can receive a fluidic sealing member. In this manner, 
15 the fluid passage 1330 can be sealed off by introducing a plug, dart and/or ball 
sealing elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1310 below the expandable mandrel 1305. 
The fluid passage 1320 is coiq^led to and positioned within the si^port member 
20 1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
firom a position adjacent to the sur&ce to ttie bottom of the expandable mandrel 
1305. The fluid passage 1320 is preferably positioned along a centerline of Hie 
apparatus 1300. The fluid passage 1320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
25 about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally provide 
sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic commiinication 
30 with the interior region 1370 of the tubular mraibCT 1310 below the expandable 
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mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug» or other similar device, to be placed in fluid passage 1330 to thereby 
block further passage of fluidic materials. In this manner, tiie interior region 1 370 of 
the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
5 isolated from the region exterior to the tubular member 1310. This pemuts the 
int^or region 1370 of the tubular member 1310 below the e)q>andable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferably positicmed 
substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is pref^ably selected to convey materials such as 

10 cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the aiuiular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials. The fluid passage 1330 includes an inlet geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 1330 

15 can be sealed off by introducing a plug, dart and/or ball sealing elements into tiie 
fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1335 is coiq)led to and positioned wifliin the shoe 1315 in fluidic communication 

20 with the fluid passage 1330. The fluid passage 1335 is preferably positioned 
substantially along the craiterline of the apparatus 1300. The fluid passage 1335 is 
preferably selected to convey materials such as cement, drilling mud or epoxies at 
flow rales and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to optimally fill the annular region between the tubular memb^ 

25 1 3 10 and the new section 1230 of the wellbore 1200 wifli fluidic materials. 

The seals 1340 are coiq;>led to and supported by the iq>per end portion 1355 of 
tile tubular member 1310. The seals 1340 are furflier positioned on an onto: surface 
of Ae upper end portion 1355 of the tubular member 1310. The seals 1340 permit 
the overlapping joint between the lower end portion of the casing 1215 and the 

30 upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The seals 
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1340 may conqnise any number of conventional commercially available seals such 
as, for exatrple, lead, rubber. Teflon, or epoxy seals modified in accordance with die 
teachings of die present disclosure. The seals 1340 con^rise seals molded fi^om 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
5 to optimally provide a hydraulic seal in the annulus of the overlapping joint while 
also seating optima] load bearing capability to withstand typical tensile and 
compressive loads. 

The seals 1340 are selected to optimally provide a sufficient fiictional force to 
support the expanded tubular member 1310 from the existing casing 1215. The 
10 ftictional force provided by the seals 1340 ranges from about 1 ,000 to 1 ,000,000 Ibf 
in order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, tubular 
member 1310, shoe 1315, and seals 1340. The suppon member 1345 preferably 
comixes an annular member having sufficient strength to cany the apparatus 1300 
15 into the new section 1230 of the wellbore 1200. The support member 1345 further 
includes one or more conventional centralizers (not illustrated) to help stabilize die 
tubular member 1310. 

The s^on member 1345 is thoroughly cleaned prior to assembly to the 
remaining portions of die apparatus 1300. In this manner, the introduction of 
20 foreign material into the apparatus 1300 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 1300 and to ensure that no foreign material interferes widi the expansion 
process. 

The wiper plug 1 350 is coupled to the mandrel 1305 within the interior region 
25 1370 of die tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may conqjrise 
one or more conventional commercially available wiper plugs such as, for exanq)le, 
Multiple Stage Cementcr latch-down plugs. Omega latch-down plugs or fliree-wiper 
latch-down plug modified in accordance with the teachings of the present disclosure. 
30 The wiper plug 1350 conq)rises a Multiple Stage Cemcnter latch-down plug 
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available from Halliburton Energy Services in Dallas, TX modified in a 
conventional manner for releasable attachment to the expansion mandrel 1305. 

Before or after positioning the apparatus 1300 within the new section 1230 of 
the wellbore 1200, a couple of wellbora volumes are circulated in oxAer to ensure 
diat no foreign materials are located within the wellbore 1200 that might clog up the 
various flow passages and valves of the apparatus 1300 and to ensure that no foreign 
material interferes with the extrusion process. 

As illustrated in Fig. 1 Ic, a hardenable fluidic sealing matmal 1380 is then 
punped from a surface location into the fluid passage 1320. The material 1380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into flie 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 
passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1230 of the wellbore 1200. Continued 
pumping of die material 1380 causes the material 1380 to fill up at least a portion of 
the annular region 1390. 

The material 1380 may be pumped into the annular region 1390 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The material 1380 is pmnped into the annular region 
1390 at pressures and flow rates ranging from about 0 to 5000 psi and 0 to 1,500 
galloos/min, respectively, in order to c^timally fill the annular region between the 
tubular member 1310 and the new section 1230 of the wellbore 1200 with the 
hardenable fluidic sealing matmal 1380. 

The hardenable fluidic sealing material 1380 may con^rise any numbo: of 
conventional commercially available hardenable fluidic sealing materials such as, 
for exanq>le, slag mix, cement or epoxy. The hardnable fluidic sealing material 
1380 comprises blended cements designed specifically for the well section being 
drilled and available from Halliburton Energy Services in order to optimally provide 
support for the tubular member 1310 during displacement of the material 1380 in the 



i 



annular region 1390. The optimum blend of the cement is preferably determined 
using conventional en^irical mediods. 

The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
5 1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably punqped through the 
10 fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. He, engagement of the wiper dart 1395 witii the wiper 
phig 1350 causes the wiper plug 1350 to decouple from the mandrel 1305. The 
wiper dart 1395 and wiper plug 1350 then preferably will lodge in the fluid passage 
15 1330, thereby blocking fluid flow through the fluid passage 1330, and fluididy 
isolating the interior region 1370 of the tubular member 1310 fi-om the annular 
region 1390. The non hardenable fluidic material 1381 is then punq)ed into the 
interior region 1370 causing the interior region 1370 to pressurize. Once the interior 
region 1370 becomes sufficiently pressurized, the tubular member 1310 is extruded 
20 off of die expandable mandrel 1305. During the extrusion process, the e?qpandable . 
mandrel 1305 is raised out of the expanded portion of the tubular member 1310 by 
the support meniber 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location in a 
25 conventional nuumer. The wiper dart 1395 may comprise any numb^ of 
conventional commercially available devices from plugging a fluid passage such as, 
for exanq)le. Multiple Stage Cemoiter latch-down plugs, Omega latch-down plugs 
or three wip^ latch-down plug/dart modified in accordance with the teachings of the 
present disclosure. The wiper dart 1395 comprises a three wiper latch-down plug 
30 modified to latch and seal in the Multiple Stage Cementer latch down plug 1350. 
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The three wiper latch-down plug is available from Halliburton Energy Services in 
Dallas, IX 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
dart 1395, the non hardenable fluidic material 1381 may be punq>ed into &e interior 
5 region 1370 at pressures and flow rates ranging, for example, from approximately 0 
to SOOO psi and 0 to 1,500 gallons/min in order to optimally extrude the tubular 
member 1310 off of the mandrel 1305. In fliis manner, the antiount of hardenable 
fluidic material wiftin the interior of the tubular member 13 10 is minimized. 

After blocking the fluid passage 1330, the non hardenable fluidic material 
10 1381 is preferably punqied into the interior region 1370 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in oider to 
optimally provide operating pressures to maintain the expansion process at rates 
sufficient to permit adjustments to be made in operating parameters during the 
extrusion process. 

15 For typical tubular members 1310, the extrusion of the tubular member 1310 

off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 500 to 9,000 psi. The extrusion of 
the tubular member 1310 off of the expandable mandrel 1305 is a function of the 
tubular member diameter, wall thickness of the tubular member^ geometry of the 

20 mandrel, the type of lubricant, the composition of the shoe and tubular member, and 
the yield strength of the tubular member. The optimum flow rate and operating 
pressures are preferably determined using conventional enqsirical methods. 

During the extrusion process, the expandable mandrel 1305 may be raised out 
of the expanded portion of the tubular member 1310 at rates ranging, for exanq>le, 

25 from about 0 to 5 tt/sec. During the extrusion process, the expandable mandrel 1305 
may be raised out of the e^anded portion of the tubular member 1310 at rates 
ranging from about 0 to 2 fVsec in order to optimally provide an efficient process, 
optimally permit operator adjustment of operation parameters, and ensure optimal 
completion of the extrusion process before curing of flie material 1380. 



When the upper end portion 1355 of the tubular member 1310 is extruded off 
of the expandable mandrel 1305, the outer surface of the upper end portion 1355 of 
the tubular member 1310 will preferably contact the interior surface of the lower end 
portion of the casing 1215 to form an fluid tight overlappmg joint The contact 
pressure of flie overlapping joint may range, for example, from approximately 50 to 
20,000 psi. The contact pressure of the overlapping joint ranges from approximately 
400 to 10,000 psi in order to optimally provide contact pressure sufficient to ensure 
. annular sealing and provide enough resistance to withstand typical tensile and 
compressive loads. The sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overlapping joint. 

The operating pressure and flow rate of the non hardenable fluidic material 
1381 is controllably ranped down when the expandable mandrel 1305 reaches the 
upper end portion 1355 of the tubular member 1310, In this manner, the sudden 
release of pressure caused by the complete extrusion of the tubular member 13 10 off 
of the e^andable mandrel 1305 can be minimized. The operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of 
the extrusion process beginning when the mandrel 1305 has con^leted 
approximately all but about 5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the iq>per end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from flie wellbore 1200. Either before or after the removal of the 
expandable mandrel 1305, the integrity of the fluidic seal of the overlapping joint 
between the upper portion 1355 of the tubular member 1310 and the lower portion 
of the casing 1215 is tested using conventional methods. If the fluidic seal of the 
overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is satisfactory, then the uncured portion of the 



inaterial 1380 within the expanded tubular member 1310 is then removed in a 
conventional manner. The material 1380 within the annular region 1390 is then 
allowed to cure. 

As illustrated in Fig. 1 1 f, preferably any remaining cured material 1 380 within 
the interior of the e7q>anded tubular member 13 10 is then removed in a conventional 
manner using a conventional drill string. The resulting new secticm of casing 1400 
includes the expanded tubular member 1310 and an outer annular layer 1405 of 
cined material 305. The bottom potion of the apparatus 1300 comprising the shoe 
1315 may tfien be removed by drilling out the shoe 1315 using conventional drilling 
methods. 

Referring now to Figs. 12 and 13, a wellhead system 1500 formed using one or 
more of the apparatus and processes described above with reference to Figs. 1-1 If 
will be described. The wellhead system 1500 preferably includes a conventional 
Christmas tree/drilling spool assembly 1505, a thick wall casing 1510, an annular 
body of cement 1515, an outer casing 1520, an annular body of cement 1525, an 
intermediate casing 1530, and an inner casing 1535. 

The Christmas tree/drilling spool assembly 1505 may comprise any number of 
conventional Christmas tree/drilling spool assemblies such as, for example, the SS- 
15 Subsea Wellhead System, Spool Tree Subsea Production System or the Conq>act 
Wellhead System available &om si^pliers such as Dril-Quip, Cameron or Breda, 
modified in accordance with the teachings of the present disclosure. The drilling 
spool assembly 1505 is preferably operably coupled to the ttiick wall casing ISIO 
and/or the outer casing 1520. The assembly 1505 may be coiq>]ed to the thick wall 
casing 1510 and/or outer casing 1520, for example, by welding, a threaded 
connection or made from single stock. The assembly 1505 is coi^led to the tfiick 
wall casing 1510 and/or outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a wellbtMre 1540. 
At least a portion of the thick wall casing 1510 extends above the surface 1545 in 
order to optimally provide easy access and attachment to tfie Christmas tree/drilling 
spool assembly 1505. The thick wall casing 1510 is preferably coupled to the 



Christmas tree/drilling spool assembly ISOS, the annular body of cement 1515, and 
tfie outer casing 1520. 

Hie thick wall casing 1510 may conqmse any number of c<»iventional 
commercially available higji strength wellbore casings such as, for exanq)Ie, Oilfield 
5 Countiy Tubular Goods, titanium tubing or stainless steel tubing. The tfiick wall 
casing 1510 comprises Oilfield Country Tubular Goods available from various 
foreign and domestic steel mills. The thick wall casing 1 510 has a yield strength of 
about 40,000 to 135,000 psi in order to optimally provide maximum burst, collapse, 
and tensile strengths. The thick wall casing 1510 has a failure strength in excess of 
1 0 about 5,000 to 20,000 psi in order to optimally provide maximum operating capacity 
and resistance to degradation of capacity after being drilled through for an extended 
time period. 

The annular body of cement 1515 provides support for the thick wall casing 
1510. The annular body of cement 1515 may be provided using any number of 
15 conventional processes for forming an annular body of cement in a wellbore. The 
annular body of cement 1515 may con^Trise any number of convmtional cement 
mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated fix>m any number of conventional commercially 
20 available tubular members modified in accordance witii die teachings of the present 
disclosure. The outer casing 1520 conqxrises any one of die expandable tubular 
members described above with reference to Figs. 1- 1 If. 

The outer casing 1520 is coupled to flie thick wall casing 1510 by expanding 
the outer casing 1520 into contact with at least a portion of fte interior surface of the 
25 thick wall casing 1510 using any one of the processes and apparatus described above 
witii reference to Figs. 1-1 If Substantially all of the overlap of the outer casing 
1520 with the thick wall casing 1510 contacts with the interior surface of the thick 
wall casing 1510. 

The contact pressure of the interface between the outer casing 1520 and the 
30 thick wall casing 1510 may range, for example, from about 500 to 10,000 psi. The 



contact pressure between the outer casing 1520 and the thick wall casing 1510 
ranges from about 500 to 10,000 psi in order to optimally activate the pressure 
activated sealing members and to ensure that the overlapping joint will optimally 
withstand typical extremes of tensile and compressive loads that are experienced 
5 during drilling and production operations. 

As illustrated in Fig. 13, The upper end of the outer casing 1520 includes one 
or more sealing members 1550 that provide a gaseous and fluidic seal between the 
expanded outer casing 1520 and the interior wall of tiie Mck wall casing 1510. The 
sealing members 1550 may comprise any number of conventional commercially 
10 available seals such as, for example, lead, plastic, rubber. Teflon or epoxy, modified 
in accordance with the teachings of the present disclosure. The sealing members 
1550 conq>rise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in order to optimally provide an hydraulic seal and a load bearing 
interference fit between the tubular members. The contact pressure of the interface 
15 between the thick wall casing 1510 and the outer casing 1520 ranges from about 500 
to 10,000 psi in order to optimally activate the scaling members 1550 and also 
optimally ensure that the joint will withstand the typical operating extremes of 
tensile and concessive loads during drilling and production operations. 

The outer casing 1520 and the thick walled casing 1510 are c<»nbined in one 
20 unitary member. 

The annular body of cement 1525 provides siQ^poit fw the outer casing 1520. 
The annular body of cement 1525 is provided using any one of the apparatus and 
processes described above with reference to Figs. 1-1 If 

The intermediate casing 1530 may be coiq>led to the outer casing 1520 or flie 
25 tfaidc wall casing 1510. The intermediate casing 1530 is coupled to the fliick wall 
casing 1510. The intermediate casing 1530 may be fabricated from any nuniber of 
conventional commercially available tubular monbers modified in accordance with 
the teachings of the present disclosure. The intermediate casing 1530 comprises any 
one of the expandable tubular members described above with reference to Figs. 1- 
30 Uf 
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The intermediate casing 1530 is coupled to the thick wall casing 1510 by 
expanding at least a portion of the intermediate casing 1530 into contact with tfie 
interior surface of the thick wall casing 1510 using any one of the processes and 
^aratus described above with reference to Figs. 1-1 If The entire length of the 
5 ovetlap of flie intermediate casing 1530 with the thick wall casing 1510 contacts the 
inner surface of the fliick wall casing 1510. The contact pressure of the interface 
between the intermediate casing 1530 and the thick wall casing 1510 may range, for 
example from about 500 to 10,000 psi. The contact pressure between the 
intermediate casing 1530 and the thick wall casing 1510 ranges from about 500 to 
1 0,000 psi in order to optimally activate ttie pressure activated sealing members and 
to optimally ensure that the joint will withstand typical operating extremes of tensile 
and compressive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, The upper end of the intermediate casing 1530 
includes one or more sealing members 1560 that provide a gaseous and fluidic seal 
between the expanded end of the intermediate casing 1530 and the interior wall of 
the thick wall casing 1510. The sealing membm 1560 may comprise any number 
of conventional commercially available seals such as, for exaniple, plastic, lead, 
rubber, Teflon or epoxy, modified in accordance with the teachings of the present 
disclosure. The sealing members 1560 comprise seals molded from StrataLock 
epoxy available from Halliburton Energy Services in ordo- to optimally provide a 
hydraulic seal and a load bearing interference fit between the tubular members. 

The contact pressure of the interface between the expanded end of the 
intermediate casing 1530 and the thick wall casing 1510 ranges from about 500 to 
10,000 psi in order to optimally activate the sealing members 1560 and also 
optimally ensure that tiie joint will withstand typical operating extremes of taisile 
and compressive loads that are experienced during drilling and production 
operations. 

The inner casing 1535 may be coupled to the outer casing 1520 ot the thick 
wall casing 1510. The inner casing 1535 is coupled to tiie thick wall casing 1510. 
The inner casing 1535 may be fabricated from any number of conventional 



commercially available tubular members modified in accordance with the teachings 
of the present disclosure. The inner casing 1S3S comprises any one of the 
expandable tubular membo^ described above with reference to Figs. 1-1 If. 

The inner casing 1535 is coupled to the outer casing 1520 by expanding at 
least a portion of the inner casing 1535 into contact with the interior surface of ttie 
thick wall casing 1510 using any one of the processes and apparatus described above 
with reference to Figs. 1-1 If. The entire length of the overlap of die inner casing 
1535 with fte thidc wall casing 1510 and intermediate casing 1530 contacts the 
inner surfaces of the thick wall casing 1510 and intermediate casing 1530. The 
contact pressure of the interface between the inner casing 1535 and the thick wall 
casing 1510 may range, for example from about 500 to 10,000 psi. The contact 
pressure between tfie inner casing 1535 and the thick wall casing 1510 ranges from 
about 500 to 10,000 psi in order to optimally activate the pressure activated sealing 
members and to ensure that the joint will withstand typical extremes of tensile and 
conf)ressive loads that are commonly experienced during drilling and production 
operations. 

As illustrated in Fig. 13, The upper end of the inner casing 1535 includes one 
or more sealing members 1570 that provide a gaseous and fluidic seal between the 
expanded end of the inner casing 1535 and the interior wall of the thick wall casing 
1510. The sealing members 1570 may conqnise any number of conventional 
commercially available seals such as, for exanqsle, lea4 plastic, rubber. Teflon or 
epoxy, modified in accOTdance with the teachings of the present disclosure. The 
sealing members 1570 conQxrise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal and a 
load bearing interference fit The contact pressure of the interfiice between the 
e^anded end of die inn^ casing 1535 and the thidc wall casing 1510 ranges from 
about 500 to 10,000 psi in order to optimally activate the sealing members 1570 and 
also to optimally ensure that the joint will withstand typical operating extremes of 
tensile and compressive loads that are experienced during drilling and production 
operations. 



The inner casings, 1520, 1530 and 1535, may be coupled to a previously 
positioned tubular member that is in turn coupled to the outo: casing 1510. More 
generally, the present preferred embodiments may be used to form a concentric 
arrangement of tubular members. 

Referring now to Figures 14a, 14b» 14c, 14d, 14e and 14f, a method and 
apparatus for forming a mono-diameter well casing within a subterranean formation 
will now be desoibed. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. The 
first section of casing 1610 includes an aimular outer body of cement 1615 and a 
tubular section of casing 1620, The first section of casing 1610 may be formed in 
the wellbore 1600 using convaitional methods and apparatus. The first section of 
casing 1610 is formed using one or more of the methods and apparatus described 
above with reference to Figs. 1-13 or below with reference to Figs. 14b-17b. 

The annular body of cement 1615 may comprise any number of conventional 
commercially available cement, or other load bearing, compositions. Alternatively, 
the body of cement 1615 may be omitted or replaced with an epoxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 and 
a lower end 1630. Preferably, the lower end 1625 of Ae tubular section of casing 
1620 includes an outer annular recess 1635 extending fit>m the lower end 1630 of 
&e tubular section of casing 1620. In this mamior, the lower end 1625 of the tubular 
section of casing 1620 includes a tiiin walled section 1640. An annular body 1 645 
of a compressible material is coupled to and at least partially positioned within the 
outer annular recess 1635. In this manner, the body of con:Q>ressible material 1645 
surrounds at least a portion of the tiun walled section 1 640. 

The tubular section of casing 1620 may be fabricated fix)m any number of 
conventional commercially available materials such as, for exan^le, oilfield country 
tubular goods, stainless steel, automotive grade steel, carbon steel, low alloy steel, 
fiberglass or plastics. The tubular section of casing 1620 is fabricated fi-om oilfield 
country tubular goods available from various foreign and domestic steel mills. The 



wall thickness of the thin walled section 1640 may range from about 0.125 to 1.5 
inches. The wail thickness of the thin walled section 1640 ranges from 0.25 to 1.0 
inches in order to optimally provide burst strength for typical operational conditions 
while also minimizing resistance to radial expansion. The axial length of Ae thin 
5 walled section 1640 may range from about 120 to 2400 inches. The axial length of 
ttie thin walled section 1 640 ranges from about 240 to 480 inches. 

The annular body of compressible material 1645 helps to minimize tfie radial 
force required to expand the tubular casing 1620 in the overlap with tiie tubular 
menriber 1715, helps to create a fluidic seal in die overly with the tubular member 

10 1715, and helps to create an interference fit sufficient to permit the tubular member 
1 71 5 to be supported by the tubular casing 1620. The annular body of compressible 
material 1645 may comprise any number of commercially available conqxressible 
materials such as, for example, epoxy, rubber. Teflon, plastics or lead tubes. The 
annular body of compressible material 1645 comprises StrataLock epoxy available 

15 from HaUiburton Energy Services in order to optimally provide an hydraulic seal in 
the overlapped joint while also having conq)liance to thereby minimize the radial 
force required to expand the tubular casing. The wall thickness of the annxilar body 
of compressible material 1645 may range from about 0.05 to 0.75 inches. The wall 
tiiickness of the annular body of compressible material 1645 ranges from about 0.1 

20 to 0.5 inches in order to optimally provide a large compressible zone, minimize the 
radial forces required to expand the tubular casing, provide tiiickness for casing 
strings to provide contact with the inner sur&ce of the wellbore upon radial 
expansion, and provide an hydraulic seal. 

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 

25 subterranean formation 1605, a drill string is used in a well known manner to drill 
out material from the subterranean formation 1605 to form a new wellbore section 
1650. The diameter of the new section 1650 is preferably equal to or greater than 
the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, an apparatus 1700 for forming a mono-diameter 

30 wellbore casing in a subterranean formation is then positioned in the new section 
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1650 of the wellbore 1600. The apparatus 1700 preferably includes a support 
member 1705, an expandable mandrel or pig 1710, a tubular member 1715, a shoe 
1720, slips 1725, a fluid passage 1730, one or more fluid passages 1735, a fluid 
passage 1740, a first conqM^ssible annular body 1745, a second con^jressible 
5 annular body 1 750, and a pressure chamber 1 755, 

The support member 1705 supports the apparatus 1700 within the wellbore 
1600. The support member 1705 is coupled to the mandrel 1710, the tubular 
member 1715, the shoe 1720, and the slips 1725. The support member 1075 
preferably con5)rises a substantially hollow tubular member. The fluid passage 
10 1730 is positioned within tfie support member 1705. The fluid passages 1735 
fluidicly couple the fluid passage 1730 with the pressure chamber 1755. The fluid 
passage 1740 fluidicly couples the fluid passage 1730 with the region outside of the 
apparatus 1700. 

The siq^port member 1705 may be fabricated from any number of conventional 
15 commercially available materials such as, for exan5>le, oilfield country tubular 
goods, stainless steel, low alloy steel, carbon steel, 13 chromium steel, fiberglass, or 
other high strength materials. The support member 1705 is fabricated firom oilfield 
country tubular goods available fit>m various foreign and domestic steel mills in 
order to optimally provide operational strength and facilitate tfie use of other 
20 standard oil exploration handling equipment. At least a portion of the support 
member 1705 comprises coiled tubing or a drill pipe. The support member 1705 
includes a load shoulder 1820 for supporting the mandrel 1710 when the pressure 
chaniber 1755 is unpressurized. 

The mandrel 1710 is supported by and slidingly coupled to the support 
25 member 1705 and the shoe 1720. The mandrel 1710 prefCTably includes an upper 
portion 1760 and a lower portion 1765, Preferably, the upper portion 1760 of the 
mandrel 1710 and the support member 1705 togeflier define the pressure chamber 
1 755. Preferably, the lower portion 1 765 of the mandrel 1710 includes an expansion 
member 1770 for radially expanding the tubular member 1715. 



The upper portion 1760 of the mandrel 1710 includes a tubular member 1775 
having an inner diameter greater than an outer diameter of the stq>port member 
1705. In this manner, an annular pressure chamber 1755 is defined by and 
positioned between the tubular member 1775 and the support member 1705. The 
5 top 1780 of the tubular member 1775 preferably includes a bearing and a seal for 
sealing and supporting the top 1780 of the tubular member 1775 against the outer 
surface of fte support member 1705. The bottom 1785 of tiie tubular member 1775 
preferably includes a bearing and seal for sealing and supporting the bottom 1785 of 
the tubular member 1775 against tiie outer surface of the siqiport memb^ 1705 or 

10 shoe 1720. In this manner^ the mandrel 1710 moves in an axial direction iqpon the 
pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 preferably includes an expansion 
member 1770 for radially expanding the tubular member 1715 during the 
pressurization of the pressure chamber 1755. The expansion member is expandable 

15 in the radial direction. The inner surface of the lower portion 1765 of the mandrel 
1710 mates with and slides with respect to the outer surface of the shoe 1720. The 
outer diameter of the expansion member 1770 may range from about 90 to 100 % of 
the inner diameter of the tubular casing 1620. The outCT diameter of the expansion 
member 1770 ranges from about 95 to 99 % of the inner diameter of the tubular 

20 casing 1620. The expansion meniber 1770 may he fabricated from any number of 
conventional commercially available materials such as, for exanq[>le, machine tool 
steel, ceramics, tungsten carbide, titanium or other hig^ strength alloys. The 
expansion member 1770 is fabricated from D2 machme tool steel in order to 
optimally provide hi]^ strengAi and abrasion resistance. 

25 The tubular meniber 1715 is coupled to and supported by the support member 

1705 and slips 1725. The tubular member 1715 includes an upper portion 1790 and 
a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes an 
inner annular recess 1800 that extends from the upper portion 1790 of the tubular 

30 member 1715. In this manner, at least a portion of the upper portion 1790 of the 
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tubular member 1715 includes a thin walled section 1805. The firet compressible 
annular raemb«- 1745 is preferably coupled to and supported by the outer surface of 
the upper portion 1790 of the tubular member 1715 in opposing relation to the thin 
wall section 1805. 

5 The lower portion 1795 of the tubular member 1715 preferably includes an 

outCT annular recess 1810 that extends from the lower portion 1790 of the tubular 
member 1715. In this manner, at least a portion of the lower portion 1795 of the 
tubular member 1715 includes a thin walled section 1815. The second compressible 
annular member 1750 is coupled to and at least partially supported within the outer 
10 annular recess 1810 of the upper portion 1790 of the tubular member 1715 in 
opposing relation to the thin wall section 1815. 

The tubular member 1715 nuiy be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, stainless steel, low aUoy steel, carbon steel, automotive grade steel, 
15 fiberglass, 13 chrome steel, other high strength material, or high strength plastics. 
The tubular member 1715 is fehricated from oilfield country tubular goods available 
from various foreign and domestic steel mills in order to optiiruilly provide 
operational strength. 

The shoe 1720 is supported by and coupled to the support member 1705. The 
20 shoe 1720 preferably comprises a substantially hollow tubular member. The wall 
thickness of the shoe 1720 is greater flian the wall thickness of the support member 
1705 in order to optimally provide increased radial support to the mandrel 1710. 
The shoe 1720 may be fabricated from any number of conventional commercially 
available materials such as, for exanq)Ie, oilfield country tubular goods, stainless 
25 steel, automotive grade steel, low alloy steel, carbon steel, or high strength plastics. 
The shoe 1720 is fabricated from oilfield country tubular goods available from 
various foreign and domestic steel mills in order to optimally provide matching 
operational strength throughout the ajjparatus. 

The slips 1725 are coupled to and supported by the support member 1705. 
30 The slips 1725 removably support the tubular member 1715. In this manner, during 



the radial expansion of the tubular member 1715, the slips 1725 help to maintain the 
tubular member 1715 in a substantially stationary position by preventing upward 
movement of tfie tubular member 1715. 

The slips 1725 may comprise any number of conventional commercially 
5 available slips such as, for example, RTTS packer tungsten carbide mechanical slips, 
RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge plug 
tungsten carbide upper mechanical slips. The slips 1725 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services. The 
slips 1 725 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

10 The fluid passage 1730 conveys fluidic materials from a surface location into 

the interior of the support member 1705, the pressure chamber 1755, and the region 
exterior of the apparatus 1700. The fluid passage 1730 is fluidicly coupled to the 
pressure chamber 1755 by the fluid passages 1735. The fluid passage 1730 is 
fluidicly coupled to the region exterior to the apparatus 1700 by the fluid passage 

15 1740. 

The fluid passage 1730 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, slag mix, water or drilling gasses. The fluid 
passage 1730 is adapted to convey fluidic materials at flow rate and pressures 
ranging from about 0 to 3,000 gallonsAmnute and 0 to 9,000 psi. in order to 
20 optimally provide flow rates and opoational pressures for the radial expansion 
processes. 

The fluid passages 1735 convey fluidic material from flie fluid passage 1730 to 
the pressure chamber 1755. The fluid passage 1735 is adapted to convey fluidic 
materials such as, for example, cement^ epoxy, drilling muds, water or drilling 
25 gasses. The fluid passage 1735 is adapted to convey fluidic materials at flow rate 
and pressures ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in 
order to optimally provide operating pressures and flow rates for the various 
expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 1730 
30 to the region exterior to the apparatus 1700. The fluid passage 1740 is adapted to 
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convey fluidic materials such as, for example, cement, epoxy, drilling muds, water 
or drilling gasses. The fluid passage 1740 is adapted to convey fluidic materials at 
flow rate and pressures ranging fnmi about 0 to 3,000 gallons/minute and 0 to 9,000 
psi. in order to optimally provide operating pressures and flow rates for the various 
5 radial expansion processes. 

The fluid passage 1740 is adapted to receive a plug or other similar device for 
sealing tiie fluid passage 1740. In this manner, the pressure chamber 1755 may be 
pressurized. 

The first compressible annular body 1745 is coupled to and supported by an 
10 exterior surface of the upper portion 1790 of the tubular member 1715. The firet 
conqjressible annular body 1 745 is positioned in opposing relation to the thin walled 
section 1805 of the tubular member 1715. 

The first compressible annular body 1745 helps to minimize the radial force 
required to expand the tubular member 1715 in tiie overls^) wifli Ae tubular casing 
15 1620, helps to create a fluidic seal in tht overlap with the tubular casing 1620, and 
helps to create an interference fit suffident to permit the tubular member 1715 to be 
supported by the tubular casing 1620. The first compressible annular body 1745 
may comprise any niraiber of commercially available conq}ressible materials such 
as, for example, cpoxy, rubber, Teflon, plastics, or hollow lead tubes. The first 
20 con9>ressible annular body 1745 comprises StrataLock epoxy available fi-om 
Halliburton Energy Services in order to optimally provide an hydraulic seal, and 
compressibility to minimize the radial expansion force. 

The wall thickness of the first compressible annular body 1745 may range 
from about 0.05 to 0.75 inches. The wall thickness of the first conq>ressible annular 
25 body 1745 ranges fi-om about 0.1 to 0.5 inches in order to optimally (1) provide a 
large compressible zone, (2) minimize the requh-ed radial expansion force, (3) 
transfer the radial force to the tubular casings. As a result, overall the outer diameter 
of the tubular member 1715 is approximately equal to the overall inner diameter of 
the tubular member 1620, 
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The second conq>ressible annular body 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the tubular member 1715. The 
second compressible annular body 1750 is positioned in opposing relation to the thin 
walled section 1 8 1 5 of the tubular member 1715. 
5 The second compressible annular body 1750 helps to minimize the radial force 

required to expand the tubular member 1715 in the overlap with another tubular 
member, helps to create a fluidic seal in the overlap of the tubular meniber 1715 
with another tubular meniber, and helps to create an int«fcrence fit sufficient to 
permit another tubular member to be supported by the tubular member 1715. The 

10 second compressible annular body 1750 may conqmse any number of commercially 
available compressible materials such as, for example, epoxy, rubber. Teflon, 
plastics or hollow lead tubing. The first compressible annular body 1750 corrqirises 
StrataLock epoxy available fix)m Halliburton Energy Services in order to optimally 
provide an hydraulic seal in the overlapped joint, and conq>ressibility that minimizes 

15 the radial expansion force. 

The wall thickness of the second con^ressible annular body 1750 may range 
fi-om about 0.05 to 0.75 inches. The wall thickness of the second compressible 
annular body 1750 ranges fix)m about 0.1 to 0.5 inches in order to c^timally provide 
a large compressible zone, and minimize fte radial force required to Mpand flie 

20 tubular member 1715 during subsequent radial expansion operations. 

The outside diameter of the second conq^ressible annular body 1750 is adapted 
to provide a seal against the surrounding formation diereby eliminating the need for 
an outer annular body of cement. 

The pressure chamber 1755 is fluidicly coupled to the fluid passage 1730 by 

25 the fluid passages 1 735. The pressure chamber 1 755 is preferably adapted to receive 
fluidic materials such as, for example, drilling muds, water or drilling gases. The 
pressure chamber 1755 is adapted to receive fluidic materials at flow rate and 
pressures ranging fix)m about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to 
optimally provide expansion pressure. During pressurization of the pressure 

30 chamber 1755, the operating pressure of the pressure chamber ranges from about 0 

76 




to 5,000 psi in order to optunally provide expansion pressure while minimizing the 
possibility of a catastrophic failure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in the 
wellbore 1600 with the tubular member 1715 positioned in an overlapping 
5 relationship with the tubular casing 1620. The thin wall sections, 1640 and 1805, of 
the tubular casing 1620 and tubular member 1725 are positioned in opposing 
overlapping relation. In this manna*, the radial expansion of the tubular member 
1725 will conq>ress the thin wall sections, 1640 and 1805, and annular conqjressible 
members, 1645 and 1745, into intimate contact 
10 After positioning of the apparatus 1700, a fluidic material 1825 is then punq)ed 

into the fluid passage 1730. The fluidic material 1825 may comprise any number of 
conventional commercially available materials such as, for exanople, water, drilling 
mud, drilling gases, cement or epoxy. The fluidic material 1825 conqirises a 
hardenable fluidic sealing material such as, for exanple, cement in order to provide 
15 an outer annular body around the expanded tubular member 1715. 

The fluidic material 1825 may be pumped into tibe fluid passage 1730 at 
operating pressures and flow rates, for example, ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes through 
20 the fluid passage 1740 and outside of flie apparatus 1700. The fluidic material 1825 
fills the annular region 1830 between the outside of the apparatus 1700 and the 
interior walls of the wellbore 1600. 

As illustrated in Fig. 14e, a plug 1835 is then introduced into the fluid passage 
1730. The plug 1835 lodges in the inlet to the fluid passage 1740 fluidicly isolating 
25 and blocking off the fluid passage 1 730. 

A fluidic material 1840 is then pun:q>ed into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commercially 
available materials such as, for example, water, drilling mud or drilling gases. The 
fluidic material 1825 comprises a non-hardenable fluidic material such as, for 
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exanq>Ie> drilling mud or drilling gases in order to optimally provide pressurization 
of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, for exani^le, from about 0 to 9,000 psi 
5 and 0 to 500 gallons/minute. The fluidic material 1840 is pumped into the fluid 
passage 1730 at operating pressures and flow rates ranging from about 500 to 5,000 
psi and 0 to 500 gallons/minute in order to optimally provide operating pressures 
and flow rates for radial expansion. 

The fluidic material 1840 puziq>ed into the fluid pass^e 1730 passes ftrougfa 

10 the fluid passages 1735 and into the pressure chamber 1755. Continued pumpmg of 
the fluidic material 1840 pressurizes the pressure chamber 1755. The pressurization 
of the pressure chamber 1755 causes the mandrel 1710 to move relative to the 
support member 1705 in the direction indicated by the arrows 1845. In tiiis manner, 
the mandrel 1710 will cause the tubular member 1715 to expand in the radial 

15 direction. 

During the radial expansion process, the tubular member 1715 is prevented 
from moving in an upward direction by the slips 1725. A length of the tubular 
member 1715 is then expanded in Hie radial direction through the pressurization of 
the pressure chamber 1755. The length of the tubular meniber 1715 that is expanded 

20 during the expansion process will be proportional to the stroke length of the mandrel 
1710. Upon the completion of a stroke, tiie operatmg pressure of the pressure 
chamber 1755 is then reduced and the mandrel 1710 drops to it rest position witii the 
tubular member 1715 supported by the mandrel 1715. The position of the support 
member 1705 may be adjusted throughout the radial expansion process in order to 

25 maintain the overlapping relationship between the thin walled sections, 1640 and 
1805, of the tubular casing 1620 and tubular member 1715. The stroking of the 
mandrel 1 710 is then repeated, as necessary, until the thin walled section 1 805 of the 
tubular member 1715 is expanded into the thin walled section 1640 of the tubular 
casing 1620. 
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During the final stroke of the niandrel 1710, the slips 1725 are positioned as 
close as possible to the thin walled section 1805 of the tubular member 1715 in 
order minimize slippage between the tubular member 1715 and tubular casing 1620 
at the end of the radial expansion process. Alternatively, or in addition, the outside 
5 diameter of the first compressive annular member 1745 is selected to ensure 
sufficient interference fit with the tubular casing 1620 to prevent axial displacement 
of the tubular member 1715 during the final stroke. Alternatively, or in addition, the 
outside diameter of the second compressive annular body 1750 is large enough to 
provide an interference fit with the inside walls of the wellbore 1600 at an earliw 
10 point in the radial expansion process so as to prevent further axial displacement of 
the tubular member 1715. In this final alternative, the interference fit is preferably 
selected to permit expansion of the tubular member 1715 by pullmg the mandrel 
1710 out of the wellbore 1600, without having to pressurize the pressure chamber 
1755. 

15 During the radial expansion process, the pressurized areas of the apparatus 

1700 are limited to the fluid passages 1730 within the siqyport member 1705 and the 
pressure chamber 1755 within the mandrel 1710. No fluid pressure acts directly on 
the tubular member 1715. This pemuts flie use of operating pressures higher than 
the tubular member 1 71 5 could normally withstand. 
20 Once the tubular membo- 1715 has been completely expanded off of the 

mandrel 1710, the support member 1705 and mandrel 1710 are removed fi-om the 
wellbore 1600. The contact pressure between the deformed thin wall sections, 1640 
and 1805, and compressible annular members, 1645 and 1745, ranges fi-om about 
400 to 10,000 psi in order to optimally support the tubular member 1715 using ttie 
25 tubular casing 1620. 

In this manner, the tubular member 1715 is radially expanded into contact with 
the tubular casing 1 620 by pressurizing the mterior of the fluid passage 1 730 and tiie 
pressure chamber 1755. 

As illustrated in Fig. 14f, once the tubular member 1715 is completely 
30 expmded in the radial direction by the mandrel 1710, the support member 1705 and 
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mandrel 1710 are reinoved from the wellbore 1600. The annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body 1850. In 
the case where the tubular member 17 IS is slotted, the hardenable fluidic material 
will preferably permeate and envelop the expanded tubular member 1715. 
5 The resulting new section of wellbore casing 1855 includes the expanded 

tubular mmiber 1715 and the rigid outer annular body 1 850. The overlapping joint 
1860 between the tubular casing 1620 and the expanded tubular member 1715 
includes the deformed thin wall sections, 1640 and 1805, and the conq)re5sibIe 
annular bodies, 1645 and 1745, The inner diameter of the resulting combined 

10 wellbore casings is substantially constant. In this manner, a mono-diameter 
wellbore casing is formed. This process of expanding overlapping tubular members 
having thin wall end portions with conq^ressible annular bodies into contact can be 
repeated for the entire length of a wellbore. In this manner, a mono-diameter 
wellbore casing can be provided for thousands of feet in a subterranean formation. 

15 Referring now to Figures 15, 15a and 15b, an apparatus 1900 for expanding a 

tubular member will be described. The apparatus 1900 preferably includes a 
drillpipe 1905, an innerstring adapter 1910, a sealing sleeve 1915, an inner sealing 
mandrel 1920, an \jpper sealing head 1925, a lower sealing head 1930, an outer 
sealing mandrel 1935, a load mandrel 1940, an expansion cone 1945, a mandrel 

20 launcher 1950, a mechanical slip body 1955, mechanical slips 1960, drag blocks 
1965, casing 1970, and fluid passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of the apparatus 1900, flie drillpipe 1905 supports the apparatus 1900. 
The drillpipe 1905 preferably comprises a substantially hollow tubular member or 

25 members. The drillpipe 1905 may be fabricated from any number of ccmventional 
commercially available materials such as, for example, oilfield country tubular 
drillpipe, fiberglass or coiled tubing. The drillpipe 1905 is fabricated from coiled 
tubing in order to facilitate the placement of the apparatus 1900 in non-vertical 
wellbores. The drillpipe 1905 may be coupled to the iimerstring adapter 1910 using 

30 any number of conventional conmiercially available mechanical couplings such as, 
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for exaitq>le» drillpipe connectors, OCTG specialty type box and pin connectors, a 
ratchet-latch type connector or a standard box by pin connector. The drillpipe 1905 
is removably coupled to die innerstring adapter 1910 by a drillpipe connection. 

The dril^ipe 190S preferably includes a fluid passage 1975 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 1980. The 
fluid passage 1975 is adapted to convey fluidic materials such as, for example, 
cement, drilling mud, epoxy or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 1910 is coupled to the drill string 1905 and the sealing 
sleeve 1915. The innerstring adapter 1910 preferably conq)rises a substantially 
hollow tubular member or members. The innerstring adapter 1910 may be 
fabricated from any number of conventional commercially available materials such 
as, for exanq)le, oil country tubular goods, low alloy steel, carbon steel, stainless 
steel or other high strengtti materials. The innerstring adapter 1910 is fabricated 
from oilfield country tubular goods in order to optimally provide mechanical 
properties that closely match those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1905 using any 
nuniber of conventional commercially available mechanical couplings such as, for 
example, drillpipe connectors, oilfield country tubular goods specialty type fiireaded 
connectors, ratchet-latch type stab in connector, or a standard threaded connection. 
The innerstring adapter 1910 is removably coupled to the drill pipe 1905 by a 
dril^ipe connection. The innerstring adapter 1910 may be coupled to the sealing 
sleeve 1915 using any number of convraitional commercially available mechanical 
couplings such as, for exanple, drillpipe connection, oilfield country tubular goods 
specialty type threaded connector, ratdiet-latch type stab in connectors, or a 
standard Areaded connection. The innerstring adapter 1910 is removably coupled to 
the sealing sleeve 1915 by a standard threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 that is 
adapted to convey fluidic materials from the fluid passage 1975 into the fluid 
passage 1985. The fluid passage 1980 is adapted to convey fluidic materials such 
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as, for example, cement, drilling mud, epoxy, or lubricants at operating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 1915 is coupled to the innerstrmg adapter 1910 and the 
inner sealing mandrel 1920. The sealing sleeve 191S preferably comprises a 
5 substantially hollow tubular member or members- The sealing sleeve 1915 may be 
fabricated from any number of conventional conmiercially available roatmals such 
as, for exanq>le, oilfield country tubular goods, carbon steel, low alloy steel, 
stainless steel or other high strength materials. The sealing sleeve 1915 is fabricated 
from oilfield country tubular goods in order to optimally provide mechanical 

1 0 properties that substantially match the remaining components of the apparatus 1 900. 

The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded cormection, ratchet-latch type stab in coimection, or a standard threaded 

1 5 connection. The sealing sleeve 1 9 1 5 is removably coupled to the innerstring adapter 
1910 by a standard threaded connection. The sealing sleeve 1915 may be coupled to 
the inner sealing mandrel 1920 usmg any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, or a standard threaded 

20 connection. The sealing sleeve 1915 is removably coupled to the inner sealing 
mandrel 1920 by a standard threaded coimection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fluidic materials fit)m the fluid passage 1980 into the fluid 
passage 1990. The fluid passage 1985 is adapted to convey fluidic materials such 

25 as, ftnr exan^le, cement, drilling mud, epoxy or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and the 
lower sealing head 1930. The inner sealing mandrel 1920 preferably coiTq>rises a 
substantially hollow tubular memba: or members. The inn«- sealing mandrel 1920 

30 may be fabricated from any number of conventional commercially available 
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materials such as, for example, oilfield country tubular goods, stainless steel, low 
alloy steel, carbon steel or other similar high strength materials. The inner sealing 
mandrel 1920 is &bricated from stainless steel in order to optimally provide 
mechanical propaties similar to the other components of the apparatus 1900 while 
5 also providing a smooth outer surface to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 

The inner sealing mandrel 1920 may be coupled to the sealing sleeve 1915 
using any numbCT of cwiventional commercially available mechanical couplings 
such as, for exanple, drillpipe connection, oilfield country tubular goods specialty 
10 type threaded connection, or a standard threaded connection . The inner sealing 
mandrel 1920 is removably coupled to the sealing sleeve 1915 by a standard 
threaded connections. The inner sealing mandrel 1920 may be coupled to the lower 
sealing head 1930 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
15 tubular goods specialty type threaded connection, ratchet-latch type stab in 
connectars or standard threaded connections. The inner sealing mandrel 1920 is 
removably coiq>led to the lower sealing head 1930 by a standard threaded 
connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 that 
20 is adapted to convey fluidic materials from the fluid passage 1985 into the fluid 
passage 1995. The fluid passage 1990 is adapted to convey fluidic materials such 
as, for example, cement, drilling mud, epoxy or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 1935 and 
25 the expansion cone 1945. The ^>per sealing head 1925 is also movably coupled to 
the outer surface of the inner sealing mandrel 1920 and the inner surface of the 
casing 1970. In flus manner, the upper sealing head 1925, outer sealing mandrel 
1935, and the expansion cone 1945 reciprocate in the axial direction. The radial 
clearance between the inner cylindrical surface of the upper sealing head 1925 and 
30 the outer surface of the inner sealing mandrel 1920 may range, for exaii5)le, from 



about 0.025 to COS inches. The radial clearance between the inner cylindrical 
surface of the upper sealing head 1925 and the outer surface of the inner sealing 
mandrel 1920 ranges from about 0.005 to 0.01 inches in order to optimally provide 
clearance for pressure seal placement The radial clearance betweoi the outer 
5 cylindrical siir&ce of the vq>per sealing head 1 925 and the inner surface of the casing 
1970 may range, for exaniple» from about 0.025 to 0.375 inches. The radial 
clearance between the outer cylindrical surface of die iq>per sealing head 1925 and 
the inner surface of the casing 1970 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the e?q>ansion cone 1945 as the 

10 expansion cone 1945 is upwardly moved inside the casing 1970. 

The uppCT sealing head 1925 preferably comprises an annular member having 
substantially cylindrical inner and outer surfeces. The upper sealing head 1925 may 
be fabricated from any niraiber of conventional commercially available materials 
such as, for exan^le, oilfield country tubular goods, stainless steel, machine tool 

15 steel, or similar high strength materials. The iq>per sealing head 1925 is fabricated 
from stainless steel in order to optimally provide high strength and smooth outer 
surfaces that are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one or 
more annular sealing members 2000 for sealing the interface between the upper 

20 sealing head 1925 and the inner sealing mandrel 1920. The sealing members 2000 
may comprise any number of conventional commercially available aimular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2000 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for a long axial motion. 

25 The upper sealing head 1 925 includes a shoulder 2005 for supporting the upper 

sealing head 1925 on the lower sealing head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing mandrel 
1935 using any number of conventional commercially available mechanical 
couplings such as, for exaiiq>Ie, drillpipe connection, oilfield country tubular goods 

30 specialty type threaded connection, or a standard threaded connections. The upper 




sealing head 1925 is removably coupled to the outer sealing mandrel 1935 by a 
standard ttireaded connections. The medianical coi^ling between tfie upper sealing 
head 1925 and the outor sealing mandrel 1935 includes one or more sealing 
manbos 2010 for fluidicly sealing tte intwface between tfie upper sealing head 
5 1925 and the outer sealing mandrel 1935. The sealing members 2010 may comprise 
any number of conventional commercially available sealing members such as, for 
exaniple, o-rings, polypak seals or metal spring energized seals. The sealing 
members 2010 conqjrise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroking motion. 
10 The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 and 

the load mandrel 1940. The lower sealing head 1930 is also movably coupled to the 
inner surface of the outer sealing mandrel 1935. In this manner, the upper sealing 
head 1925 and outer sealing mandrel 1935 reciprocate in the axial direction. The 
radial clearance betweai the outer surfece of the lower sealing head 1930 and flie 
1 5 inner surface of Ae outer sealing mandrel 1935 may range, for exaxnple, from about 
0.025 to 0.05 inches. The radial clearance between the outer surfece of the lower 
sealing head 1930 and the inner surfece of tiie outer sealing mandrel 1935 ranges 
from about 0.005 to 0.010 inches in order to optimally provide a close tolerance 
having room for tiie installation of pressure seal rings. 
20 The lowo- sealing head 1930 preferably comprises an annular member having 

substantially cylindrical inner and outer surfeces. The lower sealing head 1930 may 
be febricated from any number of conventional commercially available materials 
sudi as, for example, oilfield country tubular goods, stainless steel, machine tool 
steel or otiier similar higji strengfli materials. The lower sealing head 1930 is 
25 febricated from stainless steel in order to optimally provide high strength and 
resistance to wear, galling, corrosion, and pitting. 

The outCT surface of Ae lower sealing head 1930 preferably includes wie or 
more annular seahng members 2015 for sealing the interface between the lower 
sealing head 1930 and the outer sealing mandrel 1935. The sealing members 2015 
30 may comprise any number of conventional commorially available annular sealing 



members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. The sealing members 2015 oon^rise polypak seals available from Parker 
Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 1930 may be coupled to the inner sealing mandrel 
5 1920 using any number of conventional commercially available mechanical 
couplings such as, for exanq>le, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphoiis bonding or a standard 
threaded connection. The lower sealing head 1930 is removably coupled to the 
inner sealing mandrel 1 920 by a standard threaded connection. 

10 The mechanical coupling between the lower sealing head 1930 and the inner 

sealing mandrel 1920 includes one or more sealing members 2020 for fluidicly 
sealing the interface between the lower sealing head 1930 and the inner sealing 
mandrel 1920. The sealing members 2020 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 

15 polypak seals, or metal spring energized seals. The sealing members 2020 coniprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 using 
any number of conventional commercially available medianical couplings such as, 

20 for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connections, . welding, amorphous bonding or a standard threaded 
connection. The lower sealing head 1930 is removably coupled to the load mandrel 
1940 by a standard tiireaded connection. The mechanical coupling between the 
lower sealing head 1930 and the load mandrel 1940 includes one or more sealing 

25 membeis 202S for fluidicly sealing the interface between the lower sealing head 
1930 and the load mandrel 1940. The sealing members 202S may consprise any 
number of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. The sealing 
members 2025 conqmse polypak seals available firom Parker Seals in ord^* to 

30 optimally provide sealing for a long axial stroke. 




The lower sealing head 1930 includes a throat passage 2040 fluidicly coupled 
between the fluid passages 1990 and 1995. The throat passage 2040 is preferably of 
reduced size and is adapted to receive and engage wifli a plug 2045, or other similar 
device. In this manner, the fluid passage 1990 is fluidicly isolated from the fluid 
5 passage 1 995. In flus manner, the pressure chamber 2030 is pressurized 

The outer sealing mandrel 1935 is coupled to the upper sealing head 1925 and 
the expansion cone 1945. The outer sealing mandrel 1935 is also movably coupled 
to the inner surface of the casing 1970 and the outer surface of the lower sealing 
head 1930. In this manner, the upper sealing head 1925, outer sealing mandrel 
10 1935, and the expansion cone 1945 reciprocate in the axial direction. The radial 
clearance between the outer surface of the outer sealing nuuidrel 1935 and the innCT 
surface of the casing 1970 may range, for cxsanple, from about 0.025 to 0.375 
inches. The radial clearance between the outer sur&ce of the outer sealing mandrel 
1935 and fte inner surface of the casing 1970 ranges fit>m about 0.025 to 0.125 
15 inches in order to optimally provide maximum piston surface area to maximize Ae 
radial expansion force. The radial clearance between the inner surfece of the outer 
sealing mandrel 1935 and the outer surface of the lower sealing head 1930 may 
range, for example, from about 0.025 to 0.05 inches. The radial clearance between 
the inner surface of the outer sealing mandrel 1935 and the outer surface of the 
20 lower sealing head 1930 ranges tcom about 0.005 to 0.010 inches in order to 
optimally provide a minimum gap for flie sealing elements to bridge and seal. 

The outer sealing mandrel 1935 preferably conqwises an annular member 
having substantially cylindrical iimer and outCT surfaces. The outer sealing mandrel 
1935 may be fabricated from any number of conventional commercially available 
25 materials such as, for exanq>le, low alloy steel, carbon steel, 13 chromium steel or 
stainless steel. The outer sealing mandrel 1935 is fabricated from stainless steel in 
order to optimally provide maximum strength and minimum wall thickness while 
also providing resistance to corrosion, galling and pitting. 

The outer sealing mandrel 1935 may be coupled to the upper sealing head 
30 1925 using any number of conventional commercially available mechanical 



coiq)lings such as, for exan5)le, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection^ standard threaded connections, or welding. The 
outer sealing mandrel 1935 is removably coupled to the upper sealing head 1925 by 
a standard threaded coimections connection. The outer sealing mandrel 1935 may 
5 be coupled to the expansion cone 1945 using any number of convaitional 
commercially available mechanical couplings such as, for exan^^e* drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, or a 
standard threaded connections connection, or welding. The outer sealing mandrel 
1935 is removably coupled to the expansion cone 1945 by a standard threaded 

1 0 connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner scaling 
mandrel 1920, and the outer sealing mandrel 1935 together define a pressure 
chamber 2030. The pressure chamber 2030 is fluidicly coupled to the passage 1990 
via one or more passages 2035. During operation of the apparatus 1900, the plug 

1 5 2045 engages with the throat passage 2040 to fluidicly isolate the fluid passage 1 990 
fit)m the fluid passage 1995. The pressure chamber 2030 is then pressurized which 
in turn causes the upper sealmg head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 to reciprocate in the axial direction. The axial motion of flie 
expansion cone 1945 in turn expands ttie casing 1970 in the radial direction. 

20 The load mandrel 1940 is coupled to the lower sealing head 1930 and the 

mechanical slip body 1955. The load mandrel 1940 preferably comprises an annular 
member having substantially cylindrical inner and out^ surfaces. The load mandrel 
1940 may be fabricated fit>m any number of conventional conmiercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 

25 carbon steel, stainless steel or other similar hi^ strength materials. The load 
mandrel 1940 is fabricated from oilfield country tubular goods in order to optimally 
provide high strength. 

The load mandrel 1940 may be coupled to the lower sealing head 1930 using 
any number of conventional conmiercially available mechanical couplings such as, 

30 for example, drillpipe connection, oilfield country tubular goods specialty type 
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threaded connection, welding, amorphoua bonding or a standard threaded 
connection. Hie load mandrel 1940 is removably coupled to the lower sealing head 
1930 by a standard threaded connection. The load mandrel 1940 may be coupled to 
the mechanical slip body 1955 using any number of conventional commercially 
5 available mechanical couplings such as, for example, a driUpipe connection, oilfield 
countiy tubular goods spedalty type threaded connections, welding, amorphous 
bonding, or a standard threaded connections connection. The load mandrel 1940 is 
removably coupled to the mechanical slip body 1955 by a standard threaded 
connections connection. 
10 The load mandrel 1940 preferably includes a fluid passage 1995 that is adapted 

to convey fluidic materials fix)m the fluid passage 1990 to the region outside of the 
apparatus 1900. The fluid passage 1995 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 
15 gallons/minute. 

The expansion cone 1945 is coupled to flie outer sealing mandrel 1935. The 
expansion cone 1945 is also movably coupled to the inner surface of the casing 
1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The reciprocation of the 
20 expansion cone 1945 causes the casing 1970 to expand in the radial direction. 

The expansion cone 1945 preferably comprises an annular member having 
^ substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, fiom about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in 
25 order to optimally provide cone dimensions for the typical range of tubular 
members. 

The axial length of the expansion cone 1945 may range, for example, from 
about 2 to 8 times the largest outer diameter of the expansion cone 1945. The axial 
length of the expansion cone 1945 ranges from about 3 to 5 limes the largest outer 
30 diameter of the expansion cone 1945 in order to optimally provide stability and 

. . 8? 



coitralization of the expansion cone 1945 during the expansion process. The angle 
of attadc of fhe expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the desired amount of radial expansion. The 
expansion cone 1945 angle of attack will vary as a function of the operating 
5 parameters of the particular expansion operatioa 

The expansion cone 1945 may be fabricated from any number of conventional 
commercially available materials such as, for exanople, machine tool steel, ceramics, 
tungsten carbide, nitride steel, or other similar high strength materials. The 
expansion cone 1945 is fabricated from D2 machine tool steel in order to optimally 
10 provide high strength and resistance to corrosion, wear, galling, and pitting. The 
outside surface of ttie expansion cone 1945 has a surface hardness ranging from 
about 58 to 62 Rockwell C in order to optimally provide high strength and resist 
wear and galling. 

The expansion cone 1945 may be coupled to the outside sealing mandrel 1935 
15 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield tubular country goods specialty 
type threaded connection, welding, amorphous bonding, or a standard threaded 
connections connection. The expansion cone 1945 is coupled to the outside 
sealing mandrel 1935 using a standard threaded coimections connection in order to 
20 optimally provide connector strength for Ae typical operating loading conditions 
while also permitting easy replacement of flie expansion cone 1945. 

The mandrel launcher 1950 is coupled to tte casing 1970. The mandrel 
launcher 1950 comprises a tubular section of casing having a reduced wall thickness 
compared to the casing 1970. The wall thickness of the mandrel launcher is about 
25 50 to 100 % of the wall thickness of the casing 1970. In ibis maimer, the initiation 
of the radial expansion of the casing 1970 is faciUtated, and the insertion of tiie 
larger outside diameter mandrel launcher 1950 into the wellbore and/or casing is 
facilitated 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
30 number of conventional mechanical couplings. The mandrel laimcher 1950 may 
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have a wall thickness ranging for example, fix>m about 0.15 to 1.5 inches. The wall 
duckness of the mandrel launcher 1950 ranges from about 0.25 to 0.75 indies in 
wder to q)timally provide high strength with a small overall profile. The mandrel 
laundier 1950 may be &bricated from any nuniber of conventional commacially 
5 available materials such as, for exanqple, oil fiekl tubular goods, low alloy steel, 
carbon steel, stainless steel or oflier simflar hig^i strengfli materials. The mandrel 
launcher 1950 is febricated from ofl field tubular goods of higher strengtfi but lower 
wall thickness than fte casing 1970 in order to optimally provide a thin walled 
container with approximately the same burst strength as tiie casing 1970. 
10 The mechanical slip body 1955 is coupled to tiie load mandrel 1970, the 

mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 1955 
preferably conqirises a tubular member having an inner passage 2050 fluidicly 
coupled to the passage 1995. In Ihis manner, fluidic materials may be conveyed 
from tiie passage 2050 to a regibn outside of the apparatus 1900. 
15 The mechanical slip body 1955 may be coupled to the load mandrel 1940 

using any number of convrational medianical couplings. The mechanical slip body 
1955 is removably coupled to the load mandrel 1940 using a standard threaded 
connection in orda- to optimally provide high straiglh and permit tiie mechanical 
sl^ body 1955 to be easily replaced. The mechanical slip body 1955 may be 
20 coiq)led to flie mechanical slips 1955 using any numbra- of conventicmal mechanical 
couplings. The mechanical slip body 1955 is removably coiq>]ed to flie mechanical 
slips 1955 using toeads and sliding steel retainw rmgs in Mder to optimally proyids 
high strength coupling and also permit easy replacement of flie mechanical slips 
1955. The medianical slip body 1955 may be coiq>led to the drag blocks 1965 using 
25 any number of conventional mechanical coiq>lings. The mechanical slip body 1 955 
is removably coupled to the drag blocks 1965 using tfireaded connections and 
sliding steel retainer rings in order to optimally provide high strengdi and also 
pamit easy replacement of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the mechanical 
30 slip body 1955. During operation of the ^paratus 1900, flie mechanical slq>s 1960 
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prevent upward movement of the casing 1970 and mandrel launch^ 1950. In this 
manner^ during the axial reciprocation of the expansion cone 1945, the casing 1970 
and mandrel launcher 1950 are maintained in a substantially stationary position. In 
tins manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
5 direction by the axial movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. The 

10 mechanical slips 1960 comprise RTTS packer tungsten carbide mechanical slips 
available from Halliburton Energy Services in order to optimally provide resistance 
to axial movement of the casing 1970 during the expansion process. 

The drag blocks 1965 are coupled to fte outside surface of the mechanical slip 
body 1955. During operation of the apparatus 1900, the drag blocks 1965 prevent 

15 upward movement of the casing 1970 and mandrel launcher 1950. In tfiis maimer, 
during the axial reciprocation of the expansion cone 1945, the casing 1970 and 
mandrel launcher 1950 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

20 The drag blocks. 1965 may cotiq>rise any number of conventional 

commercially available mechanical slips such as, for exaxq)le, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type medianical sl^s or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. The drag 
blocks 1965 comprise RTTS packer tungstm carbide mechanical slips available 

25 from Halliburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 1 970 during the expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 1970 is 
iur^er removably coupled to the mechanical slips 1960 and drag blocks 1965. The 
casing 1970 preferably conqyrises a tubular meniber. The casing 1970 may be 

30 faMcated from any numb^ of conventional commercially available materials such 
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as, for exan5>le, slotted tubulars, oil field country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. The casing 1970 
is fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimaUy provide high strength. The upper end of 
5 the casing 1970 includes one or more sealing members positioned about the exterior 
of tiie casing 1970. 

Ehning operation, the apparatus 1900 is positioned in a wellbore with the upper 
end of ifae casing 1970 positioned in an overlapping relationship within an existing 
wellbore casing. In order minimize surge pressures within the borehole during 
10 phjcemcnt of the apparatus 1900, the fluid passage 1975 is preferably provided with 
one or more pressure rehef passages. During the placement of the apparatus 1900 in 
the wellbore, the casing 1 970 is supported by the expansion cone 1 945. 

After positioning of the apparatus 1900 within the bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fluidic material is 
15 pumped into the fluid passage 1975 from a surface location. The first fluidic 
material is conveyed from the fluid passage 1975 to tiie fluid passages 1980, 1985, 
1990, 1995, and 2050. The first fluidic matoial will then exit the ^aratus and fill 
the annular region between the outside of the apparatus 1900 and the interior walls 
of the horc hole. 

20 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, drilling mud, water, epoxy or 
cement The first fluidic material comprises a hardenable fluidic sealing material 
such as, for example, cement or epoxy. In this manner, a wellbore casing having an 
outer annular layer of a hardenable materia] may be formed. 
25 The first fluidic matmal may be pumped into the apparatus 1 900 at operating 

pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3.000 gallons/minute. The first fluidic material is pumped into the apparatus 1900 at 
operating pressures and flow rates ranging from about 0 to 4,500 psi and 0 to 3,000 
gallons^nute m order to optimally provide operating pressures and flow rates for 
30 typical operating conditions. 

03 



At a predetennined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 1900 has been filled to 
a predetomined level, a plug 2045, dart, or other similar device is introduced into 
the first fluidic material. The plug 2045 lodges in the throat passage 2040 thereby 
fluidicly isolating the fluid passage 1990 from the fluid passage 1995. 

After placement of the plug 2045 in the throat passage 2040» a second fluidic 
material is pun^>ed into the fluid passage 1975 in order to pressurize tiie pressure 
chamber 2030. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricant. The second fluidic material conqirises a non- 
hardenable fluidic material such as, for example, water, drilling mud or lubricant in 
order minimize frictional forces. 

The second fluidic materia] may be punq>ed into the apparatus 1900 at 
opiating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pun^)ed into the 
apparatus 1900 at operating pressures and flow rates ranging from about 0 to 3,500 
psi, and 0 to 1,200 gallons/minute in order to optimally provide expansion of the 
casing 1970. 

The pressurization of the pressure chamber 2030 causes the upper sealing head 
1925, outer sealing mandrel 1935, and expansion cone 1945 to move in an axial 
direction. As the expansion cone 1945 moves in the axial direction, the expansion 
cone 1945 pulls the mandrel launcher 1950 and drag blocks 1965 along, which sets 
the mechanical slips 1960 and stops further axial movement of die mandrel launcher 
1950 and casing 1970. In tibds manner, the axial movement of the expansion cone 
1945 radially e?q>ands the mandrel launcher 1950 and casing 1970. 

Once die upper sealing head 1925, outer sealing mandrel 1935, and CT^ansion 
cone 1945 conq>lete an axial stroke, the operating pressure of the second fluidic 
material is reduced and die drill string 1905 is raised. This causes the inner sealing 
mandrel 1920, lower sealing head 1930, load mandrel 1940, and mechanical slip 
body 1955 to move upward. This unsets die mechanical slips 1960 and permits the 



mechanical slips 1960 and drag blocks 1965 to be moved upward within the mandrel 
launcher and casing 1970. When the lower sealing bead 1930 contads the upper 
sealing head 1925, the second fluidic material is again pressurized and the radial 
expansion process continues. In dus manner, the mandrel launcher 1950 and casing 
5 1970 are radial expanded through repeated axial strokes of ike upper sealing head 
1925. outer scaling mandrel 1935 and expansion cone 1945. Throughput the radial 
expansion process, the upper end of the casing 1970 is preferably maintained in an 
overlying relation with an existing section of wellboie casing. 

At the end of &e radial expansion process, the up^ end of flie casing 1970 is 
10 expanded into intimate contact wift the inside surface of the lower end of the 
existing wellbore casing. The sealing members provided at the upper end of the 
casing 1970 provide a fluidic seal between the outside surface of the upper end of 
the casing 1970 and the inside surfece of the lower end of the existing wellbore 
casing. The contact pressure between the casing 1970 and the existing section of 
15 wellbore casing ranges from about 400 to 10,000 psi in order to optimally provide 
contact pressure for activating sealing members, provide optimal resistance to axial 
movement of the expanded casing 1970, and optimally siqjport typical tensile and 
concessive loads. 

As the expansion cone 1945 nears the end of the casing 1970, the operating 
20 flow rate of tiie second fluidic material is reduced in order to minimize shock to the 
apparatus 1900. The apparatus 1900 includes a shock absorber for absoittng the 
shock (Teated by the con^l^cm of flie radial ejqiansion of Ae casing 1970. 

The reduced operating jnessure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 1945 nears the end of the casing 1970 
25 in Older to optimally provide reduced axial movement and velocity of the expansion 
cone 1945. The operating pressure of tfie second fluidic material is reduced during 
the return sboke of the apparatiis 1900 to the range of about 0 to 500 psi in order 
minimize flie resistance to Ae movement of tiie expansion cone 1945. The stroke 
length of the apparatiis 1900 ranges from about 10 to 45 feet in order to optimally 
M) provide equipment lengtiis tiiat can be handled by typical oil well rigging equipment 
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while also minimizing the frequency at which the expansion cone 1945 must be 
stopped so the apparatus 1900 can be re-stroked for further expansion operations. 

At least a portion of the upper sealing head 1925 includes an expansion cone 
for radially expanding the mandrel launcher 1950 and casing 1970 during operation 
5 of the apparatus 1900 in order to increase die surface area of tiie casing 1970 acted 
upCHi during the radial expansion process. In this manner, the qMsrating pressures 
can be reduced. 

Mechanical slips are positioned in an axial location between ttie sealing sleeve 
1915 and the inner sealing mandrel 1920 in order to simplify the operation and 

10 assembly of ttie apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside of 
the expanded casing 1970 and the interior walls of the wellbore. In the case where 
the expanded casing 1970 is slotted, the cured fluidic material will preferably 

15 permeate and envelop the expanded casing. In this manner, a new section of 
wellbore casing is formed within a wellbore. Alternatively, the apparatus 1900 may 
be used to join a first section of pipeline to an existing section of pipeline. 
Alternatively, the apparatus 1900 may be used to directly line the interior of a 
wellbore with a casing, without the use of an outer aimular layer of a hardenable 

20 material. Alternatively, the apparatus 1 900 may be used to expand a tubular support 
member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, and fte pressure 
chamber 2030. No fluid pressure acts directly on the mandrel launcher 1950 and 
25 casing 1970. This pennits the use of operating pressures hi^er than die mandrel 
launcher 1950 and casing 1970 could normally wiAstand. 

Referring now to Figure 16, an apparatus 2100 for forming a mono-diameter 
wellbore casing will be desaibed. The apparatus 2100 preferably includes a 
drillpipe 2105, an innerstring adapter 2110, a sealing sleeve 2115, an iimer sealing 



mandrel 2120, slips 2125, upper sealing head 2130, lower sealing head 2135, outer 
sealing mandrel 2140, load mandrel 2145, expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to Ihe innerstring adapto- 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 2100. 
5 The drillpipe 2105 preferably conqjrises a substantially hollow tubular member or 
members. The drillpipe 2105 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
material. The drillpipe 2105 is fabricated from coiled tubing in order to facilitate the 
10 placement of the apparatus 1900 in non-vertical wellbores. The drillpipe 2105 may 
be coupled to the nmerstring adapter 2110 using any number of conventional 
commercially available mechanical couplings such as, for oxample, driUpipe 
connection, oilfield country tubular goods specialty type Areaded connection, 
ratchet-latch type connection, or a standard threaded connection. The drillpipe 2105 
15 is removably coupled to the innerstring adapter 21 10 by a drill pipe connectifln. 

The drillpipe 2105 preferably includes a fluid passage 2160 that is adapted to 
convey fluidic materials fit>m a sur&ce location into the fluid passage 2165. The 
fluid passage 2160 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, watw, drilling mud or lubricants at operating pressures and flow 
20 rates ranging from about 0 to 9,000 psi and 0 to 3.000 gallons/minute. 

The innerstring ad^ter 21 10 is coupled to the drill string 2105 and the sealing 
^ sleeve 2115. The iimerstring adapter 2110 preferably comprises a substantially 
hollow tubular member or membors. The innerstring adapter 2110 may be 
fibricated from any number of conventional commercially available materials such 
25 as, for exanq)le, oilfield oountiy tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The innerstring adapter 2110 
is febricated from stainless steel in order to optimally provide high strengdi, low 
friction, and resistance to corrosion and wear. 

The innersfring adapter 21 10 may be coupled to the drill string 2105 using any 
number of conventional commercially available mechanical couplings such as, for 



exanQ)le, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type connection or a standard threaded connection. The 
innerstring adapter 2110 is removably coupled to the drill pipe 2105 by a drillpipe 
connection. The innerstring adapter 2110 may be coupled to the sealing sleeve 2 1 15 
using any number of conventional commercially available mechanical couplings 
such as, for exan^le, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latdi type threaded connection, or a standard 
threaded connection. The innerstring. ad^^ter 2110 is renK>vably coupled to the 
sealing sleeve 2 1 1 5 by a standard threaded ccmnection. 

The innerstring adapter 2110 preferably includes a fluid passage 2165 ttiat is 
adapted to convey iluidic materials from the fluid passage 2160 into the fluid 
passage 2170. The fluid passage 2165 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water drilling muds, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and the 
inner sealing mandrel 2120: The sealing sleeve 2115 preferably conprises a 
substantially hollow tubular member or members. The sealing sleeve 21 15 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oil field tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength niaterials. The sealing sleeve 21 15 is fabricated from 
stainless steel in order to optimally provide high strength, low friction surfaces, and 
resistance to corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 21 10 using 
any number of conventional commercially available mechanical coiq)lings such as, 
for example, a standard threaded connection, oilfield country tubular goods ^ecialty 
type flireaded connections, welding, amorphous bonding, or a standard threaded 
connection The sealing sleeve 2 1 1 5 is removably coiQ>led to the innerstring adapter 
21 10 by a standard threaded connection. The sealing sleeve 2115 may be coupled to 
the inner sealing mandrel 2120 using any number of conventional commercially 



available mechanical coiq>lings such as, for exan5>Ie, a standani threaded 
connection, oilfield country tubular goods specialty type threaded connections, 
welding, amorphous bonding, or a standard threaded connection. The sealing sleeve 
21 15 is removably coupled to the inner sealing mandrel 2120 by a standard threaded 
5 connection. 

The sealing sleeve 2115 preferably includes a fluid passage 2170 that is 
adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. The fluid passage 2170 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
10 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, slips 
2125, and the lower sealing head 2135. The inner sealing mandrel 2120 preferably 
congmses a substantially hollow tubular member or members. The inner sealing 
15 mandrel 2120 may be febricated from any nun*er of conventional commerciaUy 
available mataials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel wr other similar high strength materials. The inner 
sealing mandrel 2120 is febricated from stainless steel in order to optimally provide 
high strength, low friction surfeces, and corrosion and wear resistance. 
0 The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specially 
type threaded connection, or a standard threaded connection. The inner sealing 
mandrel 2120 is removably coupled to the sealing sleeve 2115 by a standard 
5 threaded connection. The standard direaded connection provides high strength and 
pemits easy replacement of conaponents. The inner sealing mandrel 2120 may be 
coupled to the sl^s 2125 using any nunnber of conventional commercially available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. The inner sealing mandrel 2120 is removably 
• coupled to the sUps 2125 by a standard threaded connection. The inner sealing 
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mandrel 2120 may be coupled to the lower sealing head 2135 using any number of 
conventional commercially available mechanical couplings such as, for exanq)le» 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connectim, welding, amorphous bonding or a standard threaded connection. The 
5 inner sealing mandrel 2120 is removably coupled to die lower sealing head 2135 by 
a standard threaded connection. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 that 
is adapted to convey fluidic materials from the fluid passage 2170 into the fluid 
passage 2180. The fluid passage 2175 is adapted to convey fluidic materials such 
10 as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The slips 2125 are coupled to the outer surface of the iimer sealing mandrel 
2120. During operation of the apparatus 2100, tiie slips 2125 prefinbly maintain 
15 the casing 2155 in a substantially stationary position during the radial expansion of 
the casing 2155. The slips 2125 are activated using the fluid passages 2185 to 
convey pressurized fluid mat^l into the slips 2125. 

The slips 2125 may conQirise any number of commercially available hydraulic 
slips such as, for exanq>le, RTTS packer tungsten carbide hydraulic slips or Model 
3L retrievable bridge plug hydraulic slips. The slips 2125 con^jrise RTTS packer 
tungsten carbide hydraulic slips available fix>m Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 2155 during the 
expansion process. The slips include a fluid passage 2190, pressure chamber 2195, 
spring return 2200, and slip member 2205. 

The slips 2125 may be coiq)led to the inner sealing mandrel 2120 using any 
number of conventional mechanical couplings. The slips 2125 are removably 
coupled to the outer surface of the inner sealing mandrel 2120 by a thread 
connection in order to optimally provide interchangeability of parts. 

The upper sealing head 2130 is coupled to the outer sealing mandrel 2140 and 
expansion cone 2150. The upper sealing head 2130 is also movably coupled to the 



outer surfiice of the inner sealing mandrel 2120 and the inner surfece of the casing 
2155. In this manner, the uppa sealing head 2130 reciprocates in fte axial 
direction. The radial clearance between the inner cylindrical surface of flie upper 
sealing head 2130 and tfie outer surface of the inner sealing mandrel 2120 may 
5 range, for example, from about 0.025 to 0.05 inches. The radial clearance between 
the inner cylindrical surface of die upper sealing head 2130 and the outer surface of 
the inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in order to 
optimally provide a pressure seal. The radial clearance between the outer cylindrical 
surface of the upper sealing head 2130 and die inner surfece of the casing 2155 may 
1 0 range, for example, from about 0.025 to 0.375 inches. The radial clearance between 
the outer cylindrical surface of the upper sealing head 2130 and die inner surfece of 
the casing 2155 ranges from about 0.025 to 0.125 inches in order to optimaUy 
provide stabilization for the expansion cone 2130 during axial movement of die 
expansion cxtat 2130. 

15 The vcppet sealing head 2130 preferably comprises an annular member having 

substantiaUy cjiindrical inno- and outer surfeces. The upper sealing head 2130 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, low aUoy steel, carbon steel, stainless steel or other similar 
high strength materials. The upper sealing head 2130 is febricated from stainless 
20 steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfeces. The inner surfece of die upper sealing head 2130 preferably 
' includes one or more annular sealing members 2210 for sealing the interface 
between the upper sealing head 2130 and the inner sealing mandrel 2120. The 
sealing members 2210 may comprise any number of conventional commercially 
25 available annular sealing members such as. for example, o-rings, polypak seals, or 
metal spring energized seals. The sealing members 2210 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The upper sealing head 2 130 includes a shoulder 22 15 for supporting the upper 
30 sealing head 21 30 on the lower sealing head 21 35. 



The upper sealing head 2130 may be coupled to the outer sealing mandrel 
2140 using any number of convOTtional commercially available mechanical 
coiQ)lings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard fhieaded 
5 connection. The upper sealing head 2130 is removably coupled to the outer sealing 
mandrel 2140 by a standard threaded connection. The mechanical coiq)ling 
between the upper sealing head 2130 and flie outer sealing mandrel 2140 includes 
one or more sealing members 2220 for fluidicly sealing the interface between the 
upper sealing head 2130 and the outer sealing mandrel 2140. The sealing members 
10 2220 may con^^rise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. The sealing members 2220 comprise polypak seals available fiom Parker 
Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to die inner sealing mandrel 2120 and 
1 5 the load mandrel 21 45. The lower sealing head 2 135 is also movably coiq>led to the 
innw surface of the outer sealing mandrel 2140, In this manner, tto uppw sealing 
head 2130, outer sealing mandrel 2140, and expansion cone 2150 reciprocate in tibe 
axial direction. The radial clearance between the outer surface of die lower sealing 
head 2135 and the inner surface of the outer sealing mandrel 2140 may range, for 
20 example, from about 0.0025 to 0.05 inches. The radial clearance between the outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
; mandrel 2140 ranges from about 0.0025 to 0.05 inches in order to optimally provide 
minimal radial clearance. 

The lower sealing head 2135 preferably cornprises an annular member having 
25 substantially cylindrical inner and outer surfaces. The lower sealing head 2135 may 
be febricated from any number of conventional commercially available materials 
such as, for exanqjle, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar hi^ strength materials. The lower sealing head 2135 
is fabricated from stainless steel in order to optimally provide high strength, 
30 corrosion resistance, and low friction surfaces. The outer surface of the lower 



sealing head 2135 preferably includes one or more annular sealing members 2225 
for sealing the interface betwreen the lower sealing head 2135 and the outer sealing 
mandrel 2140. The sealing members 2225 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
5 o-rings, polypak seals or metal spring energized seals. The sealing members 2225 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially available mechanical 
10 couplings such as, for exanq)!©, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
threaded connection. The lower sealing head 2135 is removably coupled to the 
inner sealing mandrel 2120 by a standard threaded connection. The mechanical 
coupling between tibe lower sealing head 2135 and the inner sealing mandrel 2120 
15 includes one or more sealing membm 2230 for fluidicly sealing die interface 
between the lower sealing head 2135 and the inner sealing mandrel 2120. The 
sealing members 2230 may comprise any number of conventional commercially 
available sealing members such as, for exan^le, o-rings, polypak seals, or metal 
spring energized seals. The sealing members 2230 comi»ise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpq)e connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. The 
lower sealing head 2135 is removably coupled to the load mandrel 2145 by a 
standard threaded connection. The mechanical coupling between the lower sealing 
head 2135 and the load mandrel 2145 includes one or more sealing members 2235 
for fluidicly sealing the interface between Ac lower sealing head 1930 and the load 
mandrel 2145. The sealing members 2235 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 



polypak seals, or metal spring energized seals. The sealing menibers 2235 conqnise 
polypak seals available fixnn Parker Seals in order to optin^y provide sealing for a 
long axia] stroke. 

The lower sealing head 2135 includes a Aroat passage 2240 fluidicly coupled 
5 between the fluid passages 2175 and 2180. The throat passage 2240 is preferably of 
reduced size and is adapted to receive and mgage with a plug 2245, or other similar 
device. In this manner, the fluid passage 2175 is fluidicly isolated from the fluid 
passage 2180. In this manner, the pressure chamber 2250 is pressurized. 

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 and 
10 the expansion cone 2150. The outer sealing mandrel 2140 is also movably coupled 
to the inner surface of the casing 2155 and the outer surface of the lower sealing 
head 2135, In this manner, the upper sealing head 2130, outer sealing mandrel 
2140, and the expansion cone 2150 reciprocate in the axial direction. The radial 
clearance between the outer surface of the out^ sealing mandrel 2140 and the inner 
15 surface of the casing 2155 may range, for example, from about 0.025 to 0.375 
inches. The radial clearance between the outer surface of the outer sealing mandrel 
2140 and the inner surface of the casing 2155 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2130 during 
the e^q^ansion process. The radial clearance betwera the inner surface of the outer 
20 sealing mandrel 2140 and tfie outer surface of the lower sealing head 2135 may 
range, for example, from about 0.005 to 0.125 inches. The radial clearance between 
the inner surface of die outer sealing mandrel 2140 and the outer surfece of Ae 
lower sealing head 2135 ranges from about 0.005 to 0.010 mches in order to 
optimally provide minimal radial clearance. 
25 The outer sealing mandrel 2140 preferably comprises an annular member 

having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2140 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel, or other similar high strength materials. The outer 



sealing mandrel 2140 is fehricated from stainless steel in order to optimally provide 
hi^ strength, corrosion resistance, and low friction sur&ces. 

The outer sealing mandrel 2140 may be coupled to the uppw sealing head 
2130 using any number of conventional commerdally available mechanical 
5 couplings such as, for example, drillpipe connecticm, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. The outer sealing mandrel 2140 is removably coupled to the upper 
sealing head 2130 by a standard threaded connection. The outer sealing mandrel 
2140 may be coi^led to the expansion cone 2150 using any number of conventional 
10 commercially available mechanical couplings such as, for exan5>le, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 
amoiphous bonding, or a standard threaded connection. The outer sealing mandrel 
2140 is removably coi^led to the expansion cone 2150 by a standard flireaded 
connection. 

15 The upper sealing head 2130, the lower sealing head 2135, inner sealing 

mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure chamber 2250 is fluidicly coupled to the passage 2175 
via one or more passage 2255. During operation of the apparatus 2100, the plug 
2245 engages with the throat passage 2240 to fluidicly isolate the fluid passage 2175 
20 from the fluid passage 2180. The pressure chamber 2250 is then pressurized which 
in turn causes tiie upper sealing head 2130, outer sealing mandrel 2140, and 
: eT^ansion cone 2150 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2150 m turn c}q)ands the casing 2155 in the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The load 
25 mandrel 2145 preferably con^ses an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2145 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar higji strength materials. The load mandrel 2145 is &bricated from 



stainless steel in order to optimally provide high strength^ corrosion resistance, and 
low friction bearing surfaces. 

The load mandrel 214S may be coupled to the lower sealing head 2135 using 
any number of conventional commercially available mechanical couplings such as, 
5 for exanq)le, driUpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amoiphous bonding or a standard threaded connection. The 
load mandrel 2145 is removably coupled to the lower sealing head 2135 by a 
standard threaded connection in order to optimally provide high strength and pomit 
easy replacement of the load mandrel 2 145. 

The load mandrel 2145 pref^bly includes a fluid passage 2180 that is adapted 
to convey fluidic materials from the flirid passage 2180 to the region outside of the 
apparatus 2100. The fluid passage 2180 is adapted to convey fluidic materials such 
as, for exanq)le, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. The 
expansion cone 2150 is also movably coupled to the inner surface of the casing 
2155. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and 
the expansion cone 2150 reciprocate in the axial directioiL The reciprocation of the 
expansion cone 2150 causes the casmg 2155 to expand in the radial direction. 

The expansion cone 2150 preferably comprises an annular memb^ having 
substantially cylindrical iimer and conical outer surfaces. The outside radius of the 
outside conical surface may range, for exanq>le, from about 2 to 34 inches. The 
outside radius of tiie outside conical sur&ce ranges from about 3 to 28 inches in 
order to optimally provide cone dimensions that are optimal for typical casings. The 
axial lengdi of the expansion cone 2150 may range, for exan:^le, from about 2 to 6 
times the largest outside diameter of the expansion cone 2150. The axial length of 
the expansion cone 2150 ranges from about 3 to 5 times the largest outside diameter 
of the expansion cone 2150 in order to optimally provide stability and centralization 
of the expansion cone 2150 during the expansion process. The maximum outside 



diameter of the expansion cone 21S0 is between about 90 to 100 % of the inside 
diameter of the existing wellbore that the casing 2155 will be joined with. The angle 
of attack of the expansion cone 2150 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces and radial expansion forces. The optimal 
5 expansion cone 2150 angle of attack will vary as a function of the particular 
operating conditions of the expansion operation. 

The expansion cone 2150 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar high strength materials. 
10 The expansion cone 2150 is fabricated from D2 machine tool steel in order to 
optimally provide higih strength and resistance to wear and galling. The outside 
surface of the expansion cone 2150 has a surface hardness ranging from about 58 to 
62 Rockwell C in order to optimally provide resistance to wear. 

The expansion cone 2 1 50 may be coupled to the outside sealing mandrel 2140 
15 using any number of conventional commercially available mechanical couplings 
such as, for exan^le, drillpipe connection, oilfield country tubular goods specialty 
type direaded connection, welding, amorphous b<mding or a standard fluieaded 
connection. The expansion cone 2150 is coupled to the outside sealing mandrel 
2140 using a standard threaded connection in order to optimally provide high 
strengdi and pOTnit the expansion cone 2 1 50 to be easily replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion cone 
2150. The casing 2155 preferably comprises a tubular member. The casing 2155 
may be fabricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength material. The 
casing 2155 is fabricated from oilfield coimtry tubular goods available from various 
foreign and domestic steel ndUs in order to optimally provide high strength. 

The upper end 2260 of the casing 2155 includes a thin wall section 2265 and 
an outer annular sealing member 2270. The wall thickness of ttie tiiin wall section 
2265 is about 50 to 100 % of the regular wall thickness of the casing 2155. In this 



maimer, the upper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact with the lower end of an existing section of wellbore 
casing. The lower end of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section 2265 of 
5 casing 2155 into the thin walled section of the existing wellbore casing resiilts in a 
wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2270 may be fabricated from any number of 
convmtional commercially available sealing materials such as, for exanq>le, epoxy, 
rubber, metal or plastic. The annular sealing member 2270 is &bricated from 

10 StrataLock epoxy in order to optimally provide conqsressibflity and resistance to 
wear. The outside diameter of the annular sealing member 2270 preferably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the wellbore 
casing that the casing 2155 is joined to. In this manner, after expansion, the annular 
sealing member 2270 preferably provides a fluidic seal and also preferably provides 

15 sufficient fiictional force with the inside surface of the existing section of wellbore 
casing during the radial expansion of the casing 2155 to support the casing 2155. 

The lower end 2275 of the casing 2155 includes a thin wall section 2280 and 
an outer annular sealing member 2285. The wall thickness of the thin wall section 
2280 is about 50 to 100 % of the regular wall thickness of the casing 2155. In this 

20 manner, the lower end 2275 of the casing 2155 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be easily 
^ joined with the lower end 2275 of the casing 2 155 using a radial expansicm process. 
The upper end of the other section of casing also includes a thin wall section. In this 
manner, the radial expansion of Ae thin walled section of tiie upper end of die other 

25 casing into the thin walled section 2280 of the lower end of the casing 2155 results 
in a wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2285 may be fabricated from any number of 
conventional commercially available sealing materials such as, for exanq>le, epoxy, 
rubber, metal or plastic. The annular sealing member 2285 is fabricated from 

30 StrataLock epoxy in order to optimally provide con[^>ressibility and wear resistance. 
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The outside diameter of the aimular sealing member 2285 preferably ranges from 
about 70 to 95 % of the inside diameter of the lower section of the existing wellbore 
casing that tiie casing 2155 is joined to. In this manner, the annular sealing member 
2285 preferably provides a fluidic seal and also preferably provides sufficient 
5 frictional force with the inside wall of the wellbore during the radial expansion of 
the casing 2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a wellbore 
with the upper end 2260 of the casmg 2155 positioned in an overl^ping relationship 
with the lower end of an existing wellbore casing. The thin wall section 2265 of the 
10 casing 2155 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 will 
congress tiie tiiin wall sections and annular compressible members of the upper end 
2260 of the casing 2155 and the lower end of the existing wellbore casing into 
15 intimate contact During the positioning of the apparatus 2100 in the wellbore, the 
casing 2155 is supported by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic matmal is then pun:q>ed 
into the fluid passage 2160. The first fhiidic material may comprise any numb^ of 
convmtional commercially available materials such as, for exanple, drilling ntiud, 
20 water, epoxy, or cen^t The first fluidic nuterial comprises a hardenable fhiidic 
sealing material such as, for exanq>le, cement or epoxy in order to provide a 
' hardenable outer annular body around the expanded casing 2 1 55. 

The first fluidic material may be punq>ed into the fluid passage 2160 at 
opa^ting pressures and flow rates ranging, for example, fi'om about 0 to 4,500 psi 
26 and 0 to 3,000 gallons/minute. The first fluidic material is pumped into the fluid 
passage 2160 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The first fluidic materia] pumped into the fluid passage 2160 passes through 
the fluid passages 2165, 2170, 2175, 2180 and then outside of the ^paratus 2100. 
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The first fluidic material then fills the annular region between the outside of the 
apparatus 2100 and the interior walls of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160. The plug 2245 
lodges in the throat passage 2240 and fluidicly isolates and blocks off the fluid 
5 passage 2175. A couple of volumes of a non-hardenable fluidic material are then 
punned into the fluid passage 2160 in order to remove any hardenable fluidic 
material contained within and to ensure that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. The 
second fluidic material may conqirise any mmiber of conventional comn^rcially 
10 available materials such as, for example, drilling mud, water, drilling gases, or 
lubricants. The second fluidic material comprises a non-hardenable fluidic material 
such as, for exanq)le, water, drilling mud or lubricant in order to optimally provide 
pressurization of the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be punped into the fluid passage 2160 at 
15 operating pressures and flow rates ranging, for exanple, fi-om about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 2160 at operating pressures and flow rates ranging fi^om about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 
The second fluidic material pumped into the fluid passage 2160 passes through 
20 the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 of the slips 
2125, and into the pressure chamber 2250. Continued pumping of the second fluidic 
material pressurizes the pressure diambers 2195 and 2250. 

The pressurization of the pressure chambers 2195 causes die slip members 
2205 to expand in the radial direction and grip the interior surfece of the casing 
25 2155. The casing 2155 is Aen preferably maintained in a substantially stationary 
position. 

The piessmization of the pressure chamber 2250 causes the upper sealing head 
2130, outer sealing mandrel 2140 and expansion cone 2150 to move in an axial 
direction relative to the casing 2155. In this manner, the expansion cone 2150 will 
30 cause the casing 2155 to expand in the radial directioa 
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During the radial expansion process, the casing 2155 is prevented from 
moving in an upward direction by the slips 2125. A length of the casing 2155 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2250. The lengdi of the casing 2155 that is expanded during the expansion 
5 process will be propcntional to the stroke lengfix of the upper sealing head 2130, 
outer scaling mandrel 2 140, and expansion cone 2 150. 

U^n the conpletion of a stroke, the operating pressure of the second fluidic 
material is reduced and the upper sealing head 2130, outer sealing mandrel 2140, 
and expansion cone 2150 drop to tiieir rest positions with Ae casing 2155 supported 
10 by the expansion cone 2150. The position of the drillpipe 2105 is preferably 
adjusted througjhout the radial expansion process in order to maintain the 
overlapping relationship between the thin walled sections of the lower end of the 
existing wellbore casing and the upper end of the casing 2155. The stroking of the 
expansion cone 2150 is then repeated, as necessary, until the thin waUed section 
15 2265 of the upper end 2260 of the casing 2155 is expanded into the thin walled 
section of the lower end of the existing wellbore casing. In this manner, a wellbore 
casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may then be repeated for the entfa-ety of the 
wellbore to provide a wellbore casing thousands of feet in length having a 
20 substantially constant inside diameter. 

During the final stroke of Ae expansion cone 2150, the stips 2125 are 
^ positioned as close as possible to the thin walled section 2265 of Ae upper end of 
tfie casing 2155 in order mmimize slin>agc between tiie casing 2155 and Ae existing 
wellbore casing at the end of the radial expansion process. Alternatively, or in 
25 addition, the outside diameter of ±e annular sealing meniber 2270 is selected to 
ensure sufficient interference fit with the inside diameter of the lower end of the 
existing casing to prevent axial displacement of the casing 2155 during the final 
stroke. Alternatively, or in addition, the outside diameter of the annular sealing 
member 2285 is selected to provide an interference fit with the inside walls of the 
30 wellbore at an earlier point in the radial expansion process so as to prevent fiather 



axial displacement of the casing 2155. In this final alternative, the interference fit is 
preferably selected to permit expansion of the casing 2155 by pulling ttie expansion 
cone 2150 out of the wellbore, without having to pressurize the pressure chamber 
2250, 

5 During Ae radial expansion process^ the pressurized areas of the apparatus 

2100 arc limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure 
chambers 2195 within the slips 2125, and the pressure chamber 2250. No fluid 
pressure acts directly on the casing 2155. This permits the use of operating 
pressures higher than the casing 21 55 could normally withstand. 
10 Once the casing 2 1 55 has been completely expanded off of the expansion cone 

2150, remaining portions of the apparatus 2 1 00 are removed from the wellbore. The 
contact pressure between the deformed thin wall sections and conrpiessible annular 
members of the lower end of the existing casing and the upper end 2260 of the 
casing 2155 ranges fi^m about 500 to 40,000 psi in order to optimally support the 
1 5 casing 2 1 55 using the existing wellbore casing. 

In this manner, the casing 2155 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

As required, the annular body of hardenable fluidic material is then allowed to 
20 cure to form a rigid outer annular body about the expanded casing 21 55. In the case 
where the casing 2155 is slotted, the cured fluidic material preferably permeates and 
. envelops the expanded casing 2155. The resulting new section of wellbore casing 
includes the expanded casing 2155 and the rigid outer annular body. The 
overlapping joint between the pre-existing wellbore casing and the expanded casing 
25 2155 includes the deformed thin wall sections and the compressible outer annular 
bodies. The inner diameter of the resulting combined wellbore casings is 
substantially constant In this manner, a mono-diameter wellbore casing is formed. 
This process of expanding overiapping tubular members having thin wall end 
portions with compressible aimular bodies into contact can be repeated for the entire 



length of a wellbore. In this manner, a mono-diameter wellbore casing can be 
provided for thousands of feet in a subterranean formation. 

As the expansion cone 2150 nears the upper end of tfie casing 2155, the 
operating flow rate of the second fluidic material is reduced in order to minimize 
5 shock to the apparatus 2100. The apparatus 2100 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the casing 
2155. 

The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2130 nears flie end of the casing 2155 

10 in order to optimally provide reduced axial movement and velocity of the expansion 
cone 2130. The operating pressure of the second fluidic material is reduced during 
the return stroke of &e apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to flie movement of the expansion cone 2130 during the 
return stroke. The stroke length of the apparatus 2100 ranges from about 10 to 45 

15 feet in order to optimally provide equipment lengths that can be handled by 
conventional oil well rigging equipm^t while also minimizing the frequency at 
which the e^qpansion cone 2130 must be stopped so that tiie apparatus 2100 can be 
re-stroked. 

At least a portion of flie upper sealing head 2130 inchides an expansion cone 
20 for radially expanding the casing 2155 during operation of the apparatus 2100 in 
order to increase the surface area of the casing 2155 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 2100 may be used to join a first section of pipeline 
to an existing section of pipeline. AltOTiatively, the apparatus 2100 may be used to 
25 directly line the interior of a wellbore with a casing, without the use of an outCT 
annular layer of a hardenable material. Alternatively, the apparatus 2100 may be 
used to expand a tubular support member in a hole. 

Referring now to Figures 17, 17a and 17b, an s^aratus 2300 for expanding a 
tubular menriber will be described. The ^paratus 2300 preferably includes a 
30 drillpipe 2305» an innerstring adapter 2310, a sealing sleeve 2315, a hydraulic slip 
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body 2320, hydraulic slips 2325, an iimer sealing mandrel 2330, an upper sealing 
head 2335, a lower sealing head 2340, a load mandrel 2345, an outer sealing 
mandrel 2350, an expansion cone 2355, a mechanical slip body 2360, mechanical 
slips 2365, drag blocks 2370, casing 2375, fluid passages 2380, 2385, 2390, 2395, 
5 2400. 2405, 2410, 2415, and 2485, and mandrel launcher 2480. 

The drillpipe 2305 is coupled to Ae innerstring adi^ter 2310. During 
operation of the apparatus 2300, the drillpipe 2305 supports the apparatus 2300. 
The drillpipe 2305 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2305 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The drillpipe 2305 is fabricated from coiled tubing in order to facUitate 
the placement of the apparatus 2300 in non-vertical wellbores. The drillpq)e 2305 
may be coupled to the innerstring adapter 2310 using any number of conventional 
15 commerciaUy available mechanical couplings such as, for example, drillpipe 
connection, oilfield countiy tubular goods speciahy threaded connection, or a 
standard threaded connection. The drillpipe 2305 is removably coupled to the 
innerstring adapter 2310 1^ a drillpipe connection. 

The drillpipe 2305 preferably includes a fluid passage 2380 that is adapted to 
20 convey fluidic materials from a surface location into the fluid passage 2385. The 
fluid passage 2380 is adapted to convey fluidic materials such as, for example, 
; cemrat, watw, epoxy, drilling muds, or lubricants at opiating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 5,000 gallons/hiinute in order to 
optimally provide opeiatioaai e£ficiency. 
25 The innerstring adapter 23 1 0 is coupled to the drill string 2305 and the sealing 

sleeve 2315. The innerstring adapter 2310 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2310 may be 
fabricated from any number of conventional commercially available materials such 
as, for exanple, oilfield country tubular goods, low alloy steel, carbon steel, 
» stainless steel or other similar high strength materials. The innerstring adapter 23 10 
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is filMicated from stainless steel in order to optimally provide high strength, 

conosion resistance, and low friction surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 using any 

number of conventional commercially available mechanical couplmgs such as, for 
5 example, drillpipe connection, oilfield country tubular goods specialty dueaded 

connection, or a standard threaded connection. The iimerstring adapter 2310 is 

removably coupled to the drill pipe 2305 by a drillpipe connection. The innerstring 

adapter 2310 may be coupled to tiie sealing sleeve 2315 using any number of 

conventional commercially available mechanical couplings such as, for exan:5)le, a 
10 drillpipe connection, oilfield country tubular goods specialty threaded connection, or 

a standard threaded connection. The innerstring adapter 2310 is removably coupled 

to the sealing sleeve 23 15 by a standard threaded connectioa 

The innerstring adapter 2310 preferably includes a flmd passage 2385 that is 

adapted to convey fluidic materials from the fluid passage 2380 into the fluid 
15 passage 2390. The fluid passage 2385 is adapted to convey fluidic materials such 

as, for example, cement, epoxy, water, drilling mud, drilling gases or lubricants at 

operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

gallons/minute. 

The sealing sleeve 2315 is coupled to tiie innerstring adapter 2310 and the 
20 hydraulic slip body 2320. • The sealing sleeve 2315 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2315 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The sealing sleeve 2315 is 
25 fabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low-friction surfaces. 

The sealing sleeve 2315 may be coupled to the mnerstring adapter 2310 using 
any number of conventional commercially available mechanical couplings such as, 
for exanq>le, drillpipe connections, oilfield country tubular goods specialty threaded 
30 connections, or a standard threaded coimection. The sealing sleeve 2315 is 
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removably coupled to the innerstring adapter 2310 by a standard threaded 
connection. The sealing sleeve 2315 may be coupled to the hydraulic slip body 
2320 using any number of conventional commercially available mechanical 
coi^lings such as, for exanq3le, drillpipe connection, oilfield country tubular goods 
5 specialty threaded connection, or a standard threaded connection. The sealing 
sleeve 2315 is removably coupled to the hydraulic slip body 2320 by a standard 
threaded connection. 

The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 
adipted to convey fluidic materials from the fluid passage 2385 into flie fluid 
10 pass^e 2395. The fluid passage 2315 is adapted to convey fluidic materials such 
as. for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the 
15 hydraulic slips 2325, and the inner sealing mandrel 2330. The hydraulic slip body 
2320 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2320 may be fabricated from any number of conventional 
commercially available materials such as, for exanq^le, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other higji strength material. 
20 The hydraulic slip body 2320 is fabricated from caibon steel in order to optimally 
provide high strength at low cost 

The hydraulic slip body 2320 may be coi^led to the sealing sleeve 23 1 5 using 
any number of ccmventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods speciahy threaded 
25 connection, or a standard threaded connection. The hydraulic slip body 2320 is 
removably coupled to the sealing sleeve 2315 by a standaixl threaded connection. 
The hydraulic slip body 2320 may be coi^led to the sl^s 2325 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
30 welding, amorphous bonding or a standard threaded connection. The hydraulic slip 



body 2320 is removably coupled to the slips 2325 by a standard threaded 
connection. The hydraulic slip body 2320 may be coupled to the inner sealing 
mandrel 2330 using any number of amventional commercially available mechanical 
couplings such as, for exanq)lc, drillpipe connection, oilfield country tubular goods 
5 specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. The hydraulic slip body 2320 is removably coupled to flie inner sealing 
mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is 
adapted to convey fluidic materials from the fluid passage 2390 into the fluid 
10 passage 2405. The fluid passage 2395 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates rangmg from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slips body 2320 preferably inchides fluid passage 2400 that are 
15 adapted to convey fluidic materials from the fluid passage 2395 into the pressure 
chambers 2420 of the hydraulic slips 2325. In this manner, the slips 2325 are 
activated upon the pressurization of the fluid passage 2395 into contact with the 
inside surface of the casing 2375. The fluid passages 2400 are adapted to convey 
fluidic materials such as, for exanq)le, water, drilling mud or lubricants at operating 
20 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The slips 2325 are coupled to the outside surfece of the hydraulic slip body 
2320. During operation of the apparatus 2300, the slips 2325 arc activated upon the 
pressurization of the fluid passage 2395 into contact witfi the inside surface of the 
25 casing 2375. In this manner, the slips 2325 maintain Ac casing 2375 in a 
substantially stationary position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chanibCTS 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
comprise any number of conventional commercially available hydraulic slips such 
30 as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 



retrievable bridge plug with hydraulic slips. The slips 2325 comprise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 2375 during the 
radial expansion process. 
5 The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 and 

the lower sealing head 2340. The inner scaling mandrel 2330 preferably comprises 
a substantially hollow tubular member or members. The inner sealing mandrel 2330 
may be febricated from any number of conventional commercially available 
materials such as, for exmxple, oUfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar high strengtii materials. The inner 
sealing mandrel 2330 is fabricated from stainless steel in order to optimally provide 
higih strength, coirosion resistance, and low friction surfaces. 

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 
2320 using any number of conventional commercially available mechanical 
15 couplings such as, for exanq>le, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The inner sealing mandrel 2330 is removably coupled to the hydraulic 
slip body 2320 by a standard threaded connection. The inner sealing mandrel 2330 
may be coupled to the lower sealing head 2340 using any number of conventional 
20 commercially available mechanical couplings such as, for exan^le, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 
, araoiphous bonding, or a standard threaded connection. The inner sealing mandrel 
2330 is removably coupled to the lower sealing head 2340 by a standard threaded 
connection. 

25 The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that 

is adapted to convey fluidic materials from 4e fluid passage 2395 into the fluid 
passage 2415. The fluid passage 2405 is adapted to convey fluidic materials such 
as, for cxanqjle, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

30 gallons/minute. 



The upper sealing head 2335 is coupled to tbe outer sealing mandrel 2345 and 
expansion cone 2355. The upper sealing head 2335 is also movably coupled to the 
outer surface of the inner sealing mandrel 2330 and the inner surfece of the casing 
2375. In fliis manner, ihe upper sealing head 2335 reciprocates in flie axial 
5 direction. The radial clearance between the inner cylindrical surfece of the upper 
sealing head 2335 and the outer surface of the inner sealing mandrel 2330 may 
range, for example, from about 0.0025 to 0.05 inches. The radial clearance between 
the inner cylindrical surfece of the upper sealing head 2335 and the outer surface of 
the inner sealing mandrel 2330 ranges ftom about 0.005 to 0.01 inches in order to 

10 optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surfece of the casing 
2375 may range, for example, from about 0.025 to 0.375 inches. The radial 
clearance between the outer cylindrical surfece of the upper sealing head 2335 and 
the iimer surface of the casing 2375 ranges from about 0.025 to 0.125 inches in 

15 order to optimally provide stabilization for die expansion cwie 2355 during the 
expansion process. 

The \xppec sealing head 2335 preferably comprises an annular member having 
substantially cylindrical inner and outer surfeces. The upper sealing head 2335 may 
be fabricated fiom any number of amveaitional commercially available materials 

20 such as, ft>r example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The upper sealing head 2335 
is febricated from stainless steel in order to optfanally provide high strength, 
corrosion resistance, and low friction surfeces. The inner surfece of the upper 
sealing head 2335 preferably includes one or mcare annular sealing members 2435 

25 for sealing Ae interfece between the upper sealing head 2335 and the inner sealing 
mandrel 2330. The sealing members 2435 may comprise any number of 
conventional commwcially available annular sealing members such as, for example, 
o-rings, polypak seals or metal spring energized seals. The sealing members 2435 
con^se polypak seals available from Parker Seals in order to optimally provide 

30 sealing for a long axial stroke. 
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The upper sealing head 2335 includes a shoulder 2440 for supporting the upper 
sealing head on the lower sealing head 1930. 

The upper sealing head 2335 may be coupled to the outer sealing mandrel 
2350 using any number of conventional commercially available mechanical 
5 couplings such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard threaded 
connecticai. The upper sealing head 2335 is removably coupled to the outw sealing 
mandrel 2350 by a standard threaded connection. The mechanical coupling 
between die upper sealing head 2335 and the outer sealing mandrel 2350 includes 
10 one or more sealing members 2445 for fluidicly sealing Uie interfece between the 
upper sealing head 2335 and fte outer sealing mandrel 2350. The sealing members 
2445 may con^se any number of convoitional commercially available sealing 
members such as, for extaaple, o-rings, polypak seals or metal spring energized 
seals. The sealing membm 2445 conprise polypak seals available from Parker 
1 5 Seals in order to optimally provide sealing for long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and 
flie load mandrel 2345. The lower sealing head 2340 is also movably coupled to the 
inner surface of the outer sealing mandrel 2350. In this manner, the upper sealing 
head 2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The 
20 radial clearance between the outer surfece of the loww seaUng head 2340 and the 
inner surface of the outer sealing mandrel 2350 may range, for eKaxaph, from about 
0.0025 to 0.05 inches. The radial clearance between the outer sur&ce of the lower 
sealing head 2340 and the innw surface of lite outer sealing mandrel 2350 ranges 
from about 0.005 to 0.010 inches in order to optimally provide minimal radial 
25 clearance. 

The lower sealing head 2340 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2340 may 
be febricated from any nuniber of conventional commercially available materials 
such as, for example, oilfield tubular members, low alloy steel, carbon steel, 
30 stainless steel or other similar high strength materials. The lower sealing head 2340 



is fabricated from stainless steel in order to optimally provide high strength, 
coirosion resistance, and low friction surfaces. The outer surface of the lower 
sealing head 2340 preferably includes one or more annular sealing members 2450 
for scaling the interface between the lower sealing head 2340 and the outer sealing 
5 mandrel 2350. The scaling members 2450 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals or metal qiring energized seals. The sealing members 2450 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

10 The lower sealing head 2340 may be coupled to the inner sealing mandrel 

2330 using any number of conventional commercially available mechanical 
couplings such as, for exanq)le, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard threaded 
connection. The lower sealing head 2340 is removably coupled to the inner sealing 

15 mandrel 2330 by a standard threaded connection. The mechanical coupling 
between the lower sealing head 2340 and the inner sealing mandrel 2330 includes 
one or more sealing members 2455 for fluidicly sealing the interface between the 
lower sealing head 2340 and the inner sealing mandrel 2330. The sealing numbers 
2455 may comprise any number of conventional commercially available sealing 

20 membere such as, for example, o-rings, polypak or metal spring energized seals. 
The sealing members 2455 comprise polypak seals available from Park«- Seals in 
order to optimally provide sealing for a long axial stroke lengdL 

The lower sealing head 2340 may be coupled to the load mandrel 2345 using 
any number of conventional commercially available mechanical cot^lings such as, 

25 for exan^le, drillpipe connection, oilfield country tubular goods specialty threaded 
conjiection, welding, amorphous bonding or a standard Areaded connection. The 
lower sealing head 2340 is removably coupled to the load mandrel 2345 by a 
standard threaded connection. The mechanical coupling between the lower sealing 
head 2340 and the load mandrel 2345 includes erne or more sealing members 2460 

30 for fluidicly sealing the interface between the lower sealing head 2340 and the load 
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mandrel 2345. The sealing members 2460 may comprise any number of 
conventional commCTcially available sealing members such as» for example, o-rings, 
polypak seals or metal spring OTergized seals. The sealing members 2460 conpise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
5 long axial stroke length. 

The lower sealing head 2340 includes a throat passage 246S fluidicly coiq>led 
between the fluid passages 2405 and 2415. The tiiroat passage 2465 is preferably of 
reduced size and is adapted to receive and engage with a plug 2470, or oOier similar 
device. In this manner, the fluid passage 2405 is fluidicly isolated fi^m the fluid 
10 passage 24 1 5. In this manner, the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coi^led to the upper sealing head 2335 and 
the expansion cone 2355. The outer sealing mandrel 2350 is also movably coupled 
to the inner sur&ce of the casing 2375 and the outer surface of the lower sealing 
head 2340. In this manner, the upper sealing head 2335, outer sealing mandrel 
15 2350, and the expansion cone 2355 reciprocate in the axial direction. The radial 
clearance between the outer surface of the outer sealing mandrel 2350 and the inner 
surface of the casing 2375 may range, for exanple, from about 0.025 to 0.375 
inches. The radial clearance betwera the outer surface of the outer sealing mandrel 
2350 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
20 inches in order to optimally provide stabilization for the expansion cone 2355 during 
the expansion process. The radial clearance between the inner surface of the outer 
sealing mandrel 2350 and the outer surface of the lower sealing head 2340 may 
range, for example, from about 0.0025 to 0.375 inches. The radial clearance 
between the innea* surface of the out^ sealing mandrel 2350 and the outer surface of 
25 tfie lower sealing head 2340 ranges from about 0.005 to 0.010 inches in order to 
optimally provide minimal clearance. 

The outer sealing mandrel 2350 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2350 may be &bricated from any number of conventional commercially available 
30 materials such as, for exan^le, low alloy steel, carbon steel, stainless steel or other 
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similar high strengdi materials. The outer sealing mandrel 2350 is fabricated &om 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction surfaces. 

The outar sealing mandrel 2350 may be coupled to Ae i^er sealing head 
5 2335 using any number of conventional commercially available mechanical 
couplings such as, for exan9>Ie, drillpipe connections, oilfield country tubular goods 
specialty threaded connections, welding, amorphous bonding, or a standard threaded 
connection. The outer sealing mandrel 2350 is removably coupled to the upper 
sealing head 2335 by a standard threaded connection. The outer sealing mandrel 

10 2350 may be coupled to the expansion cone 2355 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield countiy tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. The outer sealing mandrel 
2350 is removably coupled to the expansion cone 2355 by a standard beaded 

15 coimection. 

The upper sealing head 2335, the lower sealing head 2340, the inner sealing 
mandrel 2330, and the outer sealing mandrel 2350 together define a pressure 
chamber 2475. The pressure chamber 2475 is fluidicly coupled to the passage 2405 
via one or more passages 2410. During operation of the apparatus 2300, die plug 

20 2470 engages with the throat passage 2465 to fluidicly isolate the fluid passage 241 5 
fiom tile fluid passage 2405. The pressure chamber 2475 is then pressurized which 
in turn causes the upper sealing head 2335» outer sealing mandrel 2350, and 
e?q>ansion cone 2355 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2355 in turn expands ttie casing 2375 in tibe radial direction. 

25 The load mandrel 2345 is coupled to the lower sealing head 2340 and ibc 

mechanical slip body 2360. The load mandrel 2345 preferably comprises an annular 
mennber having substantially cylindrical inner and outer surfaces. The load mandrel 
2345 may be fabricated from any nimiber of conventional commercially available 
materials such as, for exanq^le, oilfield country tubular goods, low alloy steel, 

30 carbon steel, stainless steel or other similar high strength materials. The load 
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mandrel 2345 is fabricated from stainless steel in order to optimally provide higb 
strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2345 may be coiq>led to Ae lower sealing head 2340 using 
any number of conventional commercially avaUable mechanical couplings such as, 
5 for example, drillpipe connection, oilfield country tubular goods specialty threaded 
comection, welding, amorphous bonding or a standard tiireaded connection. The 
load mandrel 2345 is rranovably coupled to the lower sealing head 2340 by a 
standard threaded connection. The load mandrel 2345 may be coupled to the 
mechanical slip body 2360 using any number of conventional commerciaUy 
10 available mechanical couplings sudi as, for example, drillpipe connection, oilfield 
country tubular goods specialty threaded connection, welding, amorphous bonding, 
or a standard threaded connection. The load mandrel 2345 is removably coupled to 
the medianical slip body 2360 by a standard threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 241 5 that is adapted 
15 to convey fluidic materials from the fluid passage 2405 to the region outside of the 
apparatus 2300. The fluid passage 2415 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at opa&ting 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

20 The cjq>ansion cone 2355 is coupled to the outer sealing mandrel 2350. The 

expansion cone 2355 is also movably coupled to the ixmet surface of Ae casing 
, 2375. In diismannar. the i^jper sealing head 2335, outo- sealing mandrel 2350, and 
the expansion cone 2355 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2355 causes the casing 2375 to expaad in the radial direction. 

!5 The expansion cone 2355 preferably conqmses an annular member having 

substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surfrice may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in 
order to optimally provide radial expansion of the typical casings. The axial length 

0 of the expansion cone 2355 may range, for example, from about 2 to 8 times the 



largest outside diameter of the expansion cone 23SS. The axial lengdi of the 
expansion cone 23S5 ranges from about 3 to S times the largest outside diameto: of 
the e}q>ansion cone 2355 in ord^ to optimally provide stability and centralization of 
Ae expansion cone 2355 during Ae expansion process. The angle of attack of the 
5 expansion cone 2355 ranges from about 5 to 30 degrees in order to optimally 
frictional forces with radial expansion forces. The optimum angle of attack of fte 
expansion cone 2355 will vary as a function of the operating parameters of the 
particular expansion operation. 

The expansion cone 2355 may be fabricated from any number of conventional 

10 commercially available materials such as, for exanq)le, machine tool steel, nitride 
steel, titanium, tungsten carbide, cmmiics or other similar hi^ strength materials. 
The expansion cone 2355 is fabricated from D2 machine tool steel in order to 
optimally provide high strength, abrasion resistance, and galling resistance. The 
outside surface of the expansion cone 2355 has a surface hardness ranging from 

15 about 58 to 62 Rockwell C in order to optimally provide high strength, abrasion 
resistance, resistance to galling. 

The expansion cone 2355 may be coupled to the outside sealing mandrel 2350 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 

20 threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The e^qiansira cone 2355 is coupled to the outside sealing mandrel 
2350 using a standard threaded connection in order to optimally provide high 
strength and permit tfie expansion cone 2355 to be easily rq>laced. 

Hie mandrel launcher 2480 is coupled to the casing 2375. The mandrel 

25 launcher 2480 comprises a tubular section of casing having a reduced wall tiiickness 
conq)ared to the casing 2375. The wall thickness of the mandrel launcher 2480 is 
about 50 to 100 % of the wall thickness of the casing 2375. In this manner, the 
initiation of the radial expansion of the casing 2375 is facilitated, and the placement 
of the apparatus 2300 into a wellbore casing and wellbore is facilitated. 




The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical couplings. The mandrel launcher 2480 may 
have a wall thickness ranging, for example, from about 0. 1 5 to 1 .5 indies. The wall 
thickness of the mandrel launcher 2480 ranges from about 0.25 to 0.75 indies in 
5 order to optimally provide hi^ strength in a minimal profile. The mandrel launcher 
2480 may be fabricated from any number of conventional commercially available 
materials such as, for exanq^le, oilfield tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The mandrel launcher 2480 is 
fabricated from oilfield tubular goods having a higher strength than that of the 
10 casing 2375 but with a smaller wall thickness Him the casing 2375 in order to 
optimally provide a thin walled container having approximately the same burst 
strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 2460 
15 preferably con5>rises a tubular member having an inner passage 2485 fluidicly 
coupled to the passage 2415. In this manner, fluidic materials may be conveyed 
from the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
using any number of conventional mechanical couplings. The mechanical slip body 
20 2360 is removably coupled to flie load mandrel 2345 using threads and sliding steel 
retaining rings in order to optimally provide a high strength attadiment The 
.. mechanical slip body 2360 may be coupled to the mechanical slips 2365 using any 
number of conventional mechanical coupUngs. The mechanical slip body 2360 is 
removably coupled to ttie mechanical slips 2365 using threads and sliding steel 
25 retaining rings in order to q)timally provide a high strragth attachment The 
mechanical slip body 2360 may be coupled to the drag blocks 2370 using any 
number of conventional mechanical couplings. The mechanical slip body 2360 is 
removably coiqjled to the drag blocks 2365 using threads and sliding steel retaining 
rings in order to optimally provide a high strength attachmmt 



The mechanical slips 236S are coupled to die outside surface of tiie mechanical 
slip body 2360. During operation of tfie iqjparatus 2300, the mechanical slips 236S 
prevCTt upward movement of the casing 2375 and mandrel launcher 2480. In this 
manner, during the axial reciprocation of the expansion cone 2355» the casing 237S 
5 and mandrel laimcher 2480 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 

10 tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. The 
mechanical slips 2365 conprise RTTS packer tungsten carbide mechanical slips 
available from Halliburton Energy Services in order to optimally provide resistance 
to axial movement of the casing 2375 during the expansion process. 

15 The drag blocks 2370 are coupled to the outside surface of the mechanical slip 

body 2360. During operation of ibe apparatus 2300, flie drag blocks 2370 prevent 
upward movement of the casing 2375 and mandrel launcher 2480. In this manner, 
during the axial reciprocation of the expansion cone 2355, the casing 2375 and 
mandrel launcher 2480 are maintained m a substantially stationary position. In this 

20 manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 

The drag blocks 2370 may comprise any number of conventional 
commercially available mechanical slips such as, for exan:q>le, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. The drag 

25 blocks 2370 comprise RTTS pack^ mechanical drag blocks available from 
Halliburton Energy Services in order to optimally provide resistance to axial 
movemrat of the casing 2375 during the expansion process. 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is 
further removably coupled to tfie mechanical slips 2365 and drag blocks 2370. The 

30 casing 2375 preferably comprises a tubular member. The casing 2375 may be 
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fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oil country tubular goods, carbon steel, low alloy 
steel, stainless steel or other similar high strength materials. The casing 2375 is 
fabricated from oilfield country tubular goods available from various foreign and 
5 domestic steel mills in order to optimally provide high straigth. The upper end of 
the casmg 2375 includes one or more sealing members positioned about the exterior 
ofthe casing 2375. 

During operation, the apparatus 2300 is positioned in a wellbore with Ae upper 
md ofthe casing 2375 positiwied in an overlapping relationship wittiin an existing 
10 wellbore casing. In order minimize surge pressures wiAin the borehole during 
placement ofthe apparatus 2300, the fluid passage 2380 is preferably provided with 
one or more pressure relief passages. During the placement ofthe apparatus 2300 in 
flie wellbore, the casing 2375 is supported by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an overlapping 
15 relationship with an existing section of wellbore casing, a first fluidic material is 
pumped into the fluid passage 2380 from a surfiace location. The first fluidic 
material is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 
2395, 2405, 2415, and 2485. The first fluidic material will then exit the apparatus 
2300 and fill the annular region between tiie outside of the apparatus 2300 and the 
20 interior walls ofthe bore hole. 

The first fluidic material may comprise any number of conventional 
, commercially available materials such as, for exaxaple, ^oxy, drilling mud, slag 
mix, cement, or water. The fkst fluidic material comprises a hardenable fluidic 
sealing material such as. for exan^le, slag mix, epoxy, or cement In this manner, a 
25 wellbore casing having an outer annular layer of a hardenable material may be 
formed. 

The first fluidic material may be punned into Ae q)paratus 2300 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. The first fluidic material is pumped into the apparatus 2300 at 



operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to I »200 
gallons/minute in order to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such as» 
for exanq)le, after the annular region outside of the apparatus 2300 has been filled to 
5 a predetermined level, a plug 2470, dart, or other similar device is introduced into 
the first fluidic material. The plug 2470 lodges in tiie throat passage 246S hereby 
fluidicly isolating the fluid passage 2405 from the fluid passage 241 5. 

After placement of the plug 2470 in the throat passage 2465, a second fluidic 
mat^al is pumped into the fluid passage 2380 in order to pressurize the pressure 
10 chamber 2475. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. The second fluidic material con^ses a non- 
hardenable fluidic material such as, for exanple, water, drilling mud or lubricant 

The second fluidic material may be pumped into the apparatus 2300 at 
15 operating pressures and flow rates ranging, for exainple, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the 
apparatus 2300 at operating pressures and flow rates ranging from about 0 to 3,500 
psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

20 The pressurization of the pressure chamber 2475 causes the upper sealing head 

2335, outer sealing mandrel 2350, and eiq^ansion cone 2355 to move in an axial 
direction. The pressurization of flie pressure chamber 2475 also causes the 
hydraulic slips 2325 to expand in ttie radial direction and hold the casing 2375 in a 
substantially stationary position. Furfliermore, as the expansion cone 2355 moves 

25 in the axial direction, the expansion cone 2355 pulls the mandrel launcher 2480 and 
drag blocks 2370 along, which sets the mechanical slips 2365 and stops fiirfiier axial 
movement of tiie mandrel launcher 2480 and casing 2375. In this manner, the axial 
movem^t of the expansion cone 2355 radially expands the mandrel launcher 2480 
and casing 2375. 



Once the upper sealing head 2335, outer sealing mandrel 2350, and expansion 
cone 2355 complete an axial stroke, the operating pressure of the second fluidic 
material is reduced. The reduction in the operating pressure of the second fluidic 
material releases the hydraulic slips 2325. The drill string 2305 is then raised. This 
5 causes the inner sealing mandrel 2330, lower sealing head 2340, load mandrel 2345, 
and mechanical slip body 2360 to move upward. This unsets the mechanical slips 
2365 and pwmits the mechanical slips 2365 and drag blocks 2370 to be moved 
within the mandrel launcher 2480 and casing 2375. When the lower sealing head 
2340 contacts the upper sealing head 2335, the second fluidic material is again 
10 pressurized and the radial expansion process continues. In this manner, the mandrel 
launcher 2480 and casing 2375 are radial expanded through repeated axial strokes of 
the upper sealing bead 2335, outer sealing mandrel 2350 and expansion cone 2355. 
Throughput the radial expansion process, the upper end of the casing 2375 is 
preferably maintained in an overlapping relation with an existing section of wellbore 
15 casing. 

At the end of the radial expansion process, tiie iqjper end of the casing 2375 is 
expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. The sealing members provided at the upper end of the 
casing 2375 provide a fluidic seal between the outside surface of the upper end of 

20 the casing 2375 and the inside surface of the lower end of the existing wellbore 
casing. The contact pressure between the casing 2375 and the existing section of 
wellbore casing ranges from about 400 to 10,000 psi in order to optimally provide 
contact pressure, activate the sealing members, and withstand typical tensile and 
GcoBpnssive loading conditions. 

!5 As the expansion cone 2355 neais tiie upper end of the casing 2375, the 

operating pressure of the second fluidic material is reduced in order to minimize 
shock to the ^arahis 2300. The apparatus 2300 includes a shock absorber for 
absoibing the shock created by the completion of tiie radial expansion of the casing 
2375. 



The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2355 nears the end of the casing 2375 
in order to optimally provide reduced axial movement and velocity of tiie expansion 
cone 2355. The opmting pressure of the second fluidic material is reduced during 
5 the return stroke of the apparatus 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the nK)vement of the e?q)ansion cone 2355 during Ae 
return stroke. The stroke lengOi of the apparatus 2300 ranges from about 10 to 45 
feet in order to optimally provide equipment that can be handled by typical oil well 
rigging equipment and mim'mize the frequency at which Ae expansion cone 2355 
10 must be stopped to permit the apparatus 2300 to be re-stroked. 

At least a portion of the upper sealing head 2335 includes an expansion cone 
for radially expanding the mandrel launcher 2480 and casing 2375 during operation 
of the apparatus 2300 in order to increase the surface area of the casing 2375 acted 
upon during the radial expansion process. In this manner, die operating pressures 
15 can be reduced. 

Mechanical slips 2365 are positioned in an axial location between the sealing 
sleeve 2315 and the inner sealing mandrel 2330 in order to optimally the 
construction and operation of the dppBratixs 2300. 

Upon the conq>lete radial expansion of the casing 2375, if ^Ucable, the first 
20 fluidic material is permitted to cure within the annular region between the outside of 
tfie expanded casing 2375 and the interior walls of the wellbore. In tfie case where 
flie casing 2375 is slotted, the cured fluidic material preferably pomeates and 
envelops the expanded casing 2375. In this manner, a new section of wellbore 
casing is ibmied within a wellbcx-e. Alternatively, the apparatus 2300 may be used 
25 to join a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2300 may be used to directly line the interior of a wellbore wifli a casing, 
. without the use of an outer annular layer of a hardenable matmal. Altematively, the 
^jparatus 2300 may be used to expand a tubular support member in a hole. 

Dxiring the radial expansion process, the pressurized areas of the apparatus 
30 2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405» and 
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2410, and the pressure chamber 2475. No fluid pressure acts directly on the mandrel 
launcher 2480 and casing 2375. This permits the use of operating pressures higher 
than the mandrel launcher 2480 and casing 2375 could normally withstand. 

Referring now to Figure 18, an apparatus 2500 for forming a mono-diameter 
wellbore casing will be described The apparatus 2500 preferably includes a 
driUpipe 2505, an innerstring adq)ter 2510, a sealing sleeve 2515, a hydraulic slip 
body 2520, hydraulic slips 2525, an inner sealing mandrel 2530, upper sealing head 
2535, lower sealing head 2540, outer sealing mandrel 2545, load mandrel 2550, 
expansion amo 2555, casing 2560, and fluid passages 2565, 2570, 2575, 2580, 
2585,2590,2595, and 2600. 

The drillpipe 2505 is coupled to the innerstring ad^ter 2510. During 
operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 2500. 
The driUpipe 2505 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2505 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The drillpipe 2505 is fabricated from coiled tubing in order to facilitate 
the placement of the apparatus 2500 in non-vertical wellbores. The drillpipe 2505 
may be coupled to the innerstring adapter 2510 using any number of conventional 
commercially available n^hanical couplings such as, for exanq>le, driUpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. The drillpipe 2505 is removably coupled to the 
inn^string adapter 2510 by a drillpipe connection, a drillpipe connection provides 
the advantages of high strength and easy disassembly. 

The drillpipe 2505 preferably includes a fluid passage 2565 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2570. The 
fluid passage 2565 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud, or lubricants at operatmg pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The inno-string adapter 2510 is coupled to the drill string 2S05 and the sealing 
sleeve 25 IS. The innerstring adapter 2510 preferably comprises a substantially 
hollow tubular member or menibers. The innerstring adapter 2510 may be 
fabricated from any number of conventional commercially available materials such 
5 as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strengtfi materials. The innerstring adapter 251 0 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The innerstring adapter 2510 may be coupled to the drill string 2505 using any 
10 number of conventional commercially available mechanical couplings isuch as, for 
example, drillpipe connection, oilfield coimtry tubular goods specialty type threaded 
connection, or a standard threaded connection. The innerstring adapter 2510 is 
removably coiq)led to the drill pipe 2505 by a drillpipe connection. The innerstring 
adapter 2510 may be coupled to the sealing sleeve 2515 using any number of 
15 ccttiventional commercially available mechanical coi^lings such as, for exanq^le, 
drillpipe connection, oilfield country tubular goods specialty type ttreaded 
connection, ratchet-latch type threaded connection or a standard flireaded 
connection. The innerstring adapter 25 1 0 is removably coupled to the sealing sleeve 
2515 by a standard tfireaded connection. 
20 The innerstring adapts* 2510 preferably includes a fluid passage 2570 that is 

adapted to convey fluidic materials from the fluid passage 2565 into the fluid 
, passage 2575. The fluid passage 2570 is adapted to convey fluidic materials such 
as, for exan^le, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
25 gallons/minute. 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and the 
hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2515 may be 
fabricated from any number of conventional commercially available materials such 
30 as, for exan5>le, oilfield country tubular goods, low alloy steel, carbon steel. 



. • 133. 
• • « • 



stainless steel or other similar high strength materials. The sealing sleeve 2515 is 
fabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low-friction surfaces. 

The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 using 
5 any number of conventional commercially available mechanical couplings such as» 
for exanq^le, driUpipe connections, oilfield country tubular goods specialty type 
threaded connection, ratdiet-latch type threaded conuection, or a standard threaded 
connection. The sealing sleeve 251 5 is renx)vably coupled to die innerstring adapter 
2510 by a standard threaded connection. The sealing sleeve 2515 may be coupled to 

10 the hydraulic slip body 2520 using any number of conventional commercially 
available mechanical couplings such as, for exmtplo, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, ratchet-latch type 
threaded connection, or a standard threaded connection. The scaling sleeve 251 5 is 
removably coupled to the hydraulic slip body 2520 by a standard threaded 

15 connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic materials from the fluid passage 2570 into the fluid 
passage 2580. The fluid passage 2575 is adapted to convey fluidic materials such 
as, for exan^Ie, cement, epoxy, water, drilling mud or lubricants at operating 
20 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slip body 2520 is coiq>led to the sealing sleeve 2515, the 
hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 
2520 preferably conqnises a substantially hollow tubular member or members. The 
25 hydraulic slip body 2520 may be febricated from any number of conventional 
commCTcially available materials sudh as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strengtti 
materials. The hydraulic slip body 2520 is fabricated from carbon steel in order to 
optimally provide hi^ strengtL 
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The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
5 connection. The hydraulic slip body 2520 is removably coi^led to the sealing 
sleeve 2515 by a standard threaded connection. The hydraulic slip body 2520 may 
be coupled to the slips 2525 iising any number of conventional commercially 
available mechanical couplings such as, for example, threaded connection or 
welding. The hydraulic slip body 2520 is removably coupled to the slips 2525 by a 

10 flireaded connection. The hydraulic slip body 2520 may be coupled to &e inner 
sealing mandrel 2530 using any number of conventional commercially available 
mechanical couplings such as, for cxaxnplc, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. The hydraulic slip body 2520 is removably coupled 

15 to the inner sealing mandrel 2530 by a standard threaded connection. 

The hydraulic slips body 2520 preferably includes a fluid passage 2580 that is 
adapted to convey fluidic materials from the fluid passage 2575 into the fluid 
passage 2590. The fluid passage 2580 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 

20 pn-essures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 that are 
ad^ted to convey fluidic materials from the fluid passage 2580 into the pressure 
diambors of the hydraulic sUps 2525. la this manner, the slips 2525 are activated 
25 upon the pressurization of the fluid passage 2580 into contact with die inside surfrtce 
of die casing 2560. The fluid passages 2585 are ad^ted to convey fluidic materials 
such as, for exan^le, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2525 are coupled to the outside surface of the hydraulic slip body 
30 2520. During operation of the apparatus 2500, the slips 2525 are activated upcm the 



pressurization of the fluid passage 2580 into contact with the inside surface of the 
casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a 
substantially stationary position. 

The slips 2525 preferably include the fluid passages 2585, the pressure 
5 chanibers 2605. spring bias 2610, and slip members 2615. The slips 2525 may 
conqmse any number of conventional commercially available hydraulic slips such 
as, for exan5)lc, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. The slips 2525 coiiq)rise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
10 to optimally provide resistance to axial movement of the casing 2560 during the 
expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 2520 and 
the lower sealing head 2540. The inner sealing mandrel 2530 preferably comprises 
a substantially hollow tubular member or members. The inner sealing mandrel 2530 
15 may be fabricated from any number of conventional commercially available 
materials such as, for cxwnplc, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. The inner 
sealing mandrel 2530 is fabricated from stainless steel in order to optimally provide 
high strength, corrosion resistance, and low friction surfaces. 
20 The inner sealing mandrel 2530 may be coupled to the hydraulic slip body 

2520 using any number of convoitional commercially available mechanical 
, couplings such as, for exan5>le. drillpipe cwmection, oilfield country tubular goods 
specialty type threaded connecticm, welding, amorphous bonding, or a standard 
threaded connection. The inner sealing mandrel 2530 is removably coupled to the 
25 hydraulic slip body 2520 by a standard threaded connection. The inner sealing 
mandrel 2530 may be coupled to the lowor sealing head 2540 using any number of 
convOTtional commercially available mechanical couplings such as, for exanq>le, 
oilfield country tubular goods specialty type threaded connection, drillpipe 
connection, welding, amorphous bonding, or a standard threaded connection. The 



inner sealing mandrel 2530 is removably coupled to the lower sealing head 2540 by 
a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that 
is adapted to convey fluidic materials from ihe fluid passage 2580 into the fluid 
5 passage 2600. The fluid passage 2590 is adapted to convey fluidic materials such 
as, for exanq>le, client, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and 
10 expansion cone 2555. The upper sealing head 2535 is also movably coupled to the 
outer surface of the inner sealing mandrel 2530 and the inner surface of the casing 
2560. In fliis manner, the upper sealing head 2535 reciprocates in the axial 
direction. The radial clearance betwe^ the inner cylindrical surface of the upper 
sealing head 2535 and the outer surface of the inner sealing mandrel 2530 may 
15 range, for example, from about 0.0025 to 0.05 inches. The radial clearance between 
the inner cylindrical surface of the upper sealing head 2535 and the outer sur&ce of 
the inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2535 and the inner surface of the casing 
20 2560 may range, for exanple, from about 0.025 to 0.375 inches. The radial 
clearance between the outer cylindrical surface of the upper sealing head 2535 and 
, the inner surface of the casing 2560 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the expansion cone 2535 during the 
expansion process. 

25 The upper sealing head 2535 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The iq>per sealing head 2535 may 
be fabricated from any nxunber of conventional commercially available materials 
such as, for exan^le, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength mataials. The upper sealing head 2535 

30 is fabricated from stainless steel in order to optimally provide high strengtti, 
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corrosion resistance, and low friction surfeccs. The inner surface of the upper 
sealing head 2535 preferably includes one or more annular sealing members 2620 
for sealing the interface between the upper sealing head 2535 and the inner sealing 
mandrel 2530. The sealing members 2620 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals, or metal spring energized seals. The sealing members 2620 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The upper sealing head 2535 includes a shoulder 2625 for supporting the upper 
sealing head 2535. outer sealing mandrel 2545, and expansion cone 2555 on the 
lower sealing head 2540. 

The upper sealing head 2535 may be coupled to the outer sealing mandrel 
2545 using any number of conventional commocially available mechanical 
couplings such as. for exannple. oUfield country tubular goods specialty threaded 
15 connection, pipeline connection, welding, amorphous banding, or a standard 
threaded connection. The upper sealing head 2535 is removably coupled to the 
outer sealing mandrel 2545 by a standard threaded connection. The mechanical 
coupling between the upper sealing head 2535 and the outer sealing mandrel 2545 
includes one or more sealing members 2630 for fluidicly seaUng the interface 
between the upper sealing head 2535 and the outer sealing mandrel 2545. The 
sealing members 2630 may comprise any number of conventional commercially 
avaUable sealing members such as, for example, o-rings, polypak seals or metal 
spring energized seals. The sealing members 2630 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 and 
the load mandrel 2550. The lower sealing head 2540 is also movably coupled to the 
inner surface of the outer sealmg mandrel 2545. In this manner, the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555 reciprocate in the 
axial direction. 
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The radial clearance between Hit outer surface of the lower sealing head 2540 
and the inner surfEice of the outer sealing mandrel 2545 may range, for exan^>le, 
from about 0.002S to O.OS inches. The radial clearance between the outer surftce of 
the lower sealing head 2540 and the inner surface of Ae outer sealing mandrel 2545 
5 ranges from about 0.005 to O.OI inches m order to optimally provide minimal radial 
clearance. 

The lower sealing head 2540 preferably conqnises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2540 may 
be fabricated from any nimiber of conventional commercially available materials 

10 such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or oAer similar high strength materials. The lower sealing head 2540 
is febricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction sur&ces. The outer surface of the lower 
sealing head 2540 preferably includes one or more annular sealing members 2635 

15 for sealing the interface between the low^ sealing head 2540 and the outer sealing 
mandrel 2545. The sealing members 2635 may comprise any number of 
conventional commercially available annular sealing members such as, for exanq)le, 
o-rings, polypak seals, or metal spring energized seals. The sealing members 2635 
comprise polypak seals available from Parker Seals in order to optimally provide 

20 sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available medianical 
coi:plings such as, for example, drillpipe connections, oilfield country tubular goods 
specialty threaded connection, or a standard tinreaded connection. The lower sealing 

25 head 2540 is removably coupled to the inner sealing mandrel 2530 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 
2540 and Ae inner sealing mandrel 2530 includes one or more sealing m^bers 
2640 for fluidicly sealing the interface between the lower sealing head 2540 and the 
inner sealing mandrel 2530. The sealing members 2640 may comprise any number 

30 of conventional commercially available sealing members such as, for example, o- 
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rings, polypak seals or metal sping energized seals. The sealing members 2640 
conqmse polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the load mandrel 2550 using 
5 any number of conventional commCTcially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard tfireaded 
connection. The lower sealing head 2540 is removably coupled to the load mandrel 
2550 by a standard threaded connection. The mechanical coupling between Ae 
10 lower sealing head 2540 and the load mandrel 2550 includes one or more sealing 
membras 2645 for fluidicly seaUng the inteifece between the lower sealing head 
2540 and the load mandrel 2550. The sealing members 2645 may comprise any 
number of conventional commercially available sealing members such as, for 
exanq>le, o-rings, polypak seals or metal spring energized seals. The sealing 
15 members 2645 con?>rise polypak seals available from Parka- Seals in order to 
optimally provide sealing fw a long axial stroke. 

The lower sealing head 2540 includes a tiiroat passage 2650 fluidicly coupled 
between the fluid passages 2590 and 2600. The thrx>at passage 2650 is preferably of 
reduced size and is adapted to receive and engage with a plug 2655, or oflier similar 
20 device. In this manner, the fluid passage 2590 is fluidicly isolated from the fluid 
passage 2600. In tiiis manner, the pressure chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coiq)]ed to the upper sealing head 2535 and 
the expansion cone 2555. The outer sealing mandrel 2545 is also movably coupled 
to the inner surface of flie casing 2560 and the outer sur&ce of the lower sealmg 
25 head 2540. In this manner, the upper sealing head 2535, outer sealing mandrel 
2545, and the expansion cone 2555 reciprocate in ttie axial direction. The radial 
clearance between Ae outer surftce of the outer sealing mandrel 2545 and the inner 
surfece of the casing 2560 may range, for example, from about 0.025 to 0.375 
inches. The radial clearance between the outer surface of the outer sealing mandrel 
JO 2545 and the inner surface of the casing 2560 ranges from about 0.025 to 0.125 



inches in order to optimally provide stabilization for the expansion cone 2335 during 
Ae expansion process. The radial clearance between the inner sur&ce of the outer 
sealing mandrel 2545 and the outer surface of the lower sealing head 2540 may 
range, for exanq)le, fiom about 0.005 to 0.01 indies. The radial clearaice between 
5 ihe inner surfoce of the outer sealing mandrel 2545 and the outer sur&ce of the 
lower sealing head 2540 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. 

The outer sealing mandrel 2545 preferably comprises an annular member 
having substantially cylmdrical inner and outer surfaces. The out^ sealing mandrel 

10 2545 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. The outer 
sealing mandrel 2545 is fabricated from stainless steel in order to optimally provide 
high strength, corrosion resistance, and low friction surfaces. 

15 The outer sealing mandrel 2545 may be coupled to the upper sealing head 

2535 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield countxy tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
threaded connection. The outer sealing mandrel 2545 is removably coupled to the 

20 upper sealing head 2535 by a standard threaded connection. The outer sealing 
mandrel 2545 may be coupled to die expansion cone 2555 using any number of 
, conventional commercially available mechanical couplings such as, for example, 
diillinpe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding, or a standard threaded connection. The 

25 out^ sealing mandrel 2545 is removably coupled to the expansion cone 2555 by a 
standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner sealing 
mandrel 2530, and the outCT sealing mandrel 2545 together define a pressure 
chamber 2660. The pressure chamber 2660 is fluidicly coupled to the passage 2590 

30 via one or more passages 2595. During operation of the apparatus 2500, the plug 
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2655 oigages wWi Ae throat passage 2650 to fluidicly isolate the fluid passage 2590 
from flie fluid passage 2600. The pressure chamber 2660 is then pressurized which 
in turn causes the upper sealing head 2535, outer sealing mandrel 2545, and 
expansion cone 2555 to reciprocate in the axial direction. The axial motion of the 
5 expansion cone 2555 in turn expands the casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The load 
mandrel 2550 prefisrably comprises an annular member having substantially 
cyUndrical inner and outer surfaces. The load mandrel 2550 may be febricated 
from any number of c<Hiventional commercially available materials such as, for 
10 example, oilfield countiy tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The load mandrel 2550 is fltbricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction sur&ces. 

The load mandrel 2550 may be coupled to ti» lowar sealing head 2540 using 
15 any numba- of conventicmal commerdally avaOable n^hanical couplings such as, 
for exan^le, oilfield countiy tubular goods, drillpipe connection, welding, 
amorphous bonding, or a standard threaded connection. The load mandrel 2550 is 
removably coupled to the lower sealing head 2540 by a standard toeaded 
connection. 

20 The load mandrel 2550 preferably includes a fluid passage 2600 fliat is adapted 

to convey fluidic materials from the fluid passage 2590 to the region outside of the 
. apparatus 2500. The fluid passage 2600 is adapted to convey fluidic materials such 
as, for example, cement, epaxy, water, drilling mud, or lulnicants at chelating 
pressures and flow rates ranging, for exaniple, from about 0 to 9,000 psi and 0 to 

25 3,000 gallons/minute. 

The expansion cone 2555 is coiq>led to the outer sealing mandrel 2545. The 
expansirai cone 2555 is also movably coupled to the inner surface of the casing 
2560. In this marnior, the upper sealing head 2535, outer sealing mandrel 2545, and 
the expansion cone 2555 reciprocate in the axial directioa The redprocalion of die 

30 expansiwi cone 2555 causes die casing 2560 to expand in Ae radial direction. 



The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for exan^le, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 in order to 
5 optimally provide radial expansion for the widest variety of tubular casings. The 
axial length of the expansion cone 2555 may range, for example, from about 2 to 8 
times the largest outside diameter of the expansion cone 2535. The axial length of 
the expansion cone 2535 ranges from about 3 to 5 times flie largest outside diameter 
of the expansion cone 2535 in order to <q)timally provide stabilization and 

10 centralization of the expansion cone 2535 during the expansion process. The 
maximum outside diameter of the expansion cone 2555 is between about 95 to 99 % 
of the inside diameter of the existing wellbore that the casmg 2560 will be joined 
witfL The angle of attack of the expansion cone 2555 ranges from about 5 to 30 
degrees in order to optimally balance frictional forces and radial expansion forces. 

15 The optimum angle of attack of the expansicm cone 2535 will vary as a function of 
the particular operational features of the expansion operation. 

The expansion cone 2555 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 

20 The expansion cone 2555 is fabricated from D2 machine tool steel in order to 
optimally provide high strength, and resistance to wear and galling. The outside 
surface of the expansion cone 2555 has a surface hardness ranging from about 58 to 
62 Rockwell C in order to c^timally provide high strmgth and wear resistance. 

The expansion cone 2555 may be coupled to tibe outside sealing naandrel 2545 

25 using any number of conventional commercially available mechanical couplings 
such as, for exan^le, drillpipe connection, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. The expansion cone 2555 is coupled to the outside sealing mandrel 
2545 using a standard flireaded connection in order to optimally provide high 

30 strength and easy replacement of the expansion cone 2555. 
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The casing 2560 is removably coupled to the slips 2525 and expansion cone 
2555. The casing 2560 preferably comprises a tubular member. The casing 2560 
may be febricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. The 
casing 2560 is febricated from oilfield country tubular goods available from various 
foreign and domestic steel mills in order to optimally provide high strength using 
standardized materials. 

The upper end 2665 of the casing 2560 includes a Uiin wall section 2670 and 
an outer annular sealing member 2675. The wall thickness of the thin wall section 
2670 is about 50 to 100 % of the regular waU thickness of the casing 2560. In this 
manner, the upper end 2665 of the casing 2560 may be easily radially expanded and 
defonned into intimate contact with the lower end of an existing section of wellbore 
casing. The lower end of the existing section of casing also includes a thin waU 
15 section. In this manner, the radial expansion of the thin waUed section 2670 of 
casing 2560 into the thin waUed section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2675 may be febricated from any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
20 robber, metal, or plastic. The annular sealing member 2675 is fabricated from 
StrataLock epoxy in order to optimally provide conqjressibility and resistance to 
, wear. The outside diameter of the annular sealing member 2675 preferably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the wellbore 
casing that the casing 2560 is joined to. In this manner, after radial expansion, the 
annular sealing member 2670 optimally provides a fluidic seal and also prefwably 
optimally provides sufScient frictional force with the inside surface of the existing 
section of wellbore casing during the radial expansion of the casing 2560 to support 
tfie casing 2560. 

The lower end 2680 of the casing 2560 includes a thin waH section 2685 and 
an outer annular sealing member 2690. The wall thickness of the thin waU section 



25 
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2685 is about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easily expanded and 
deformed. Furtiiermore, in this manner, an other section of casing may be easily 
joined mth tfie lower end 2680 of the casing 2560 using a radial expansion process. 
5 The upper end of the other section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section of the upper end of the other 
casing into Ae thin walled section 2685 of the lower end 2680 of the casing 2560 
results in a wellbore casing having a substantially constant inside diameter. 

The annular sealing meniber 2690 may be febricated from any number of 

10 conventional commercially available sealing materials such as, for example, rubber, 
metal, plastic or epoxy. The annidar sealing member 2690 is fabricated from 
StrataLock epoxy in order to optimally provide conqjressibility and resistance to 
wear. The outside diameter of the annular sealing member 2690 prefiarably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the existing 

15 wellbore casing that the casing 2560 is joined to. In this manner, after radial 
expansion, the annular sealing member 2690 preferably provides a fluidic seal and 
also preferably provides sufBcient frictional force with the inside wall of the 
wellbore during the radial expansion of the casing 2560 to support the casing 2560. 
During operation, the apparatus 2500 is preferably positioned in a wellbore 

20 with the upper end 2665 of the casing 2560 positioned in an overlapping relationship 
wifli the lower end of an existing wellbore casing. The thin wall section 2670 of the 
casing 2560 is positioned in opposing overl^ping relation with ihe fliin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this noanner, the radial expansion of the casing 2560 will 

25 conqMress the thin wall sections and annular compressible members of the uppar end 
2665 of the casing 2560 and the lower end of the existing wellbore casing into 
intimate contact. During the positicming of the apparatus 2500 in the wellbore, the 
casing 2560 is supported by Ae expansion cone 2555. 

After positioning of the apparatus 2500, a first fluidic material is then pviaped 

30 into the fluid passage 2565. The first fluidic material may comprise any number of 

. . MS... . ... 



conventional comm^cially available materials such as, for example, cement, water, 
slag-raix, epoxy or drilling mud. The first fluidic material comprises a harrienable 
fluidic sealing matwial such as, for exanple, cement, epoxy, or slag-mix in order to 
optimally provide a hardraable outer annular body around the expanded casing 
5 2560. 

The first fluidic material may be punq)ed into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, fi-om about 0 to 4,500 psi 
and 0 to 3,000 gallons/minute. The first fluidic material is punq)ed into the fluid 
passage 2565 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
10 and 0 to 1,200 gallons/minute in wder to optnnally provide operational efBdaicy. 

The first fluidic material punq)ed into the fluid passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 
2500. The first fluidic material then preferably fills the annular region between the 
outside of tiie q)paratus 2500 and the interior walls of the wellboie. 
15 The plug 2655 is then introduced into die fluid passage 2565. The plug 2655 

lodges in the throat passage 2650 and fluidicly isolates and blocks off the fluid 
passage 2590. A coiq>le of volumes of a non-hardenable fluidic material are tfien 
punq)ed into flie fluid passage 2565 in order to remove any hardenable fluidic 
material contained within and to ensure that none of the fluid passages are blocked. 
20 A second fluidic material is then pumped into the fluid passage 2565. The 

second fluidic materia] may con^rise any number of conventional commercially 
available materials such as, for exan^Ie, water, drilling gases, drilling mud or 
lubricant The second fluidic material con^nises a non-hardenable fluidic material 
such as, for exan^le, water, drilling mud, or lubricant in order to optimally provide 
25 pressurization of the pressure chamba: 2660 and mmini iTe- fijction. 

The second fluidic material may be punqxd into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, fiwm about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 2565 at operating pressures and flow rates ranging fi-om about 0 to 3,500 psi 
30 and 0 to 1,200 gallons/minute in wder to optinally provide <q)erational efficiency. 
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The second fluidic material puit^ied into the fluid passage 2565 passes throu^ 
flie fluid passages 2570, 2575, 2580, 2590 and into the pressure chambers 2605 of 
the slips 2525, and into the pressure chamber 2660. Continued pumping of the 
second fluidic material pressurizes the pressure <Aanib»s 2605 and 2660. 
5 The pressurization of the pressure chambers 2605 causes the slip members 

2525 to expand in the radial direction and grip the interior surfece of the casing 
2560. The casing 2560 is then preferably maintained in a substantially stationary 
position. 

The pressurization of the pressure chambo- 2660 causes the upper sealing head 

10 2535, outer sealing mandrel 2545 and expansion cone 2555 to move in an axial 
dn-ection relative to the casing 2560. In this manner, the expansion cone 2555 will 
cause the casing 2560 to expand in the radial direction, beginning with the lower end 
2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 

15 moving in an upward direction by the sUps 2525. A length of the casing 2560 is 
then expanded in the radial direction through die pressurization of the pressure 
chamber 2660. The length of the casing 2560 that is expanded during the expansion 
process will be proportional to the stroke length of the v^per sealing head 2535, 
outer sealing mandrel 2545, and expansion cone 2555. 

20 Upon the completion of a stroke, the operating pressure of the second fluidic 

material is reduced and flie upper sealing head 2535, outer sealing mandrel 2545, 
and expansion cone 2555 drop to Aeir rest positi<»is witii Ae casing 2560 siqiported 
by flie expansion cone 2555. The position of flie driUpipe 2505 is preferably 
adjusted fluoughout the radial expansion process in order to maintain flie 

25 overlappmg relatiwiship between flie tiiin walled sections of the lower end of flie 
existing wellbore casing and the vtppec end of flie casing 2560. The stroking of flie 
expansion cone 2555 is tfien repeated, as necessary, until flie fliin walled section 
2670 of tiie upper end 2665 of flie casing 2560 is expanded into the fliin walled 
section of the lower end of flie existing wellbore casing. Tn fliis manner, a wellbore 

30 casing is formed inchiding two adjacent sections of casing having a substantially 



• • • • 

• • • 
••• • 



COTstant inside diameter. This process may then be repeated for the entirety of the 
wellbore to provide a wellbore casing thousands of feet in length having a 
substantially constant inside diameter. 

During the final stroke of the expansion cone 2555, the slips 2525 are 
5 positioned as close as possible to the thin walled section 2670 of the upper end 2665 
of the casing 2560 in order minimize slippage betwewi the casing 2560 and the 
existing wellbore casing at the end of the radial expansion process. Alternatively, or 
in addition, the outside diameter of the annular sealing memb«- 2675 is selected to 
ensure sufficient interferaice fit with the inside diameter of the \ovrer end of the 
10 existing casing to prevent axial displacement of the casing 2560 during the final 
stroke. Alternatively, or in addition, Ae outside diameter of the annular sealing 
member 2690 is selected to provide an interference fit with tfie inside walls of tiie 
wellbore at an earlier point in the radial expansicm process so as to prevent further 
axial displacement of the casing 2560. In this final altemative, the interference fit is 
15 prefCTably selected to permit expansion of the casing 2560 by pulling the expansion 
cone 2555 out of the wellbore, without having to pressurize the pressure chamber 
2660. 

During the radial expansion process, the pressurized areas of the apparatus 
2500 are preferably limited to the fluid passages 2565, 2570, 2575, 2580, and 2590, 
20 the pressure chambers 2605 within the slips 2525, and the pressure chamber 2660. 
No fluid pressure acts directly on the casing 2560. TTiis permits the use of operating 
, pressures higher than the casing 2560 could normally withstand. 

Once the casing 2560 has been completely eiq^anded off of the ejqyansion cone 
2555, the remaining portions of the apparatus 2500 are removed from the wellbore. 
25 The contact pressure between the deformed thin wall sections and compressible 
annular members of the lower end of the existing casing and the upper end 2665 of 
tiie casing 2560 ranges firom about 400 to 10,000 psi in order to optimally support 
the casing 2560 using the existing wellbore casing. 

In this manner, the casing 2560 is radially expanded into contact with an 
30 existing section of casing by pressurizing the interior fluid passages 2565, 2570, 



2575, 2580, and 2590, the pressure chambors of the slips 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

As required, the annular body of hardeoable fluidic material is thrai allowed to 
cure to form a rigid outer annular body about the expanded casing 2560. In the case 
5 where the casing 2560 is slotted, the cured fluidic material preferably pOTueates and 
envelops the expanded casing 2560. The resulting new section of wellbore casing 
includes the expanded casing 2560 and (he rigid outer annular body. The 
overlapping joint between the pre-existing wellbore casing and the expanded casing 
2560 includes the deformed thin wall sections and the conqiressible outer annular 

10 bodies. The inner diameter of flie resulting combined wellbore casings is 
substantially constant In ttiis manner, a mono-diametor wellbore casmg is formed- 
This process of expanding overlapping tubular members having thin wall end 
portions with con5>ressible annular bodies into contact can be repeated for the entire 
length of a wellbore. In this manner, a mono-diameter weUbore casing can be 

15 provided for thousands of feet in a subterranean formation. 

As the expansion cone 2555 nears the upper end 2665 of the casing 2560, the 
operating pressure of the second fluidic material is reduced in order to minimize 
shock to the appaiattis 2500. The apparatus 2500 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the casing 

20 2560. 

The reduced iterating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2555 nears the end of the casing 2560 
in order to optimally provide reduced axial movemwit and velocity of the expansion 
cone 2555. The operating pressure of the second fluidic material is reduced during 

25 the return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
return stroke. The stroke lengfli of the apparatus 2500 ranges from about 10 to 45 
feet in order to opthnally provide equipments laigths that can be easily handled 
using typical oil well rigging equipn^t and also minimize the frequency at which 

30 apparatus 2500 must be re-stroked. 




At least a portion of the upper sealing head 2535 includes an expansion cone 
for radially expanding the casing 2560 during operation of the apparatus 2500 in 
order to increase the surface area of the casing 2560 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced 
5 Alternatively, the apparatus 2500 may be used to join a first section of pipeline 

to an existing section of pipeline. Alternatively, the apparatus 2500 may be used to 
directly line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable matmal. Alternatively, the apparatus 2500 may be 
used to expand a tubular support member in a hole. 

10 Referring now to Figures 19, 19a and 19b, an apparatus 2700 for expanding a 

tubular member will be described. The apparatus 2700 preferably includes a 
drillpipe 2705, an innerstring adapter 2710, a sealing sleeve 2715, a first inner 
sealing mandrel 2720, a first upper sealing head 2725, a first lower sealing head 
2730, a first outer sealing mandrel 2735, a second inner sealing mandrel 2740, a 

15 second uppo- sealing head 2745. a second lower sealing head 2750, a second outer 
sealing mandrel 2755, a load mandrel 2760, an expansion cone 2765, a mandrel 
launcher 2770, a mechanical slip body 2775, mechanical slips 2780, drag blocks 
2785, casing 2790, and fluid passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, 
and 2830. 

20 The drillpipe 2705 is coupled to the innerstring adapter 2710. During 

operation of the apparatus 2700, the drillpipe 2705 siqjports the apparatus 2700. 
The drillpipe 2705 preferably con5)rises a substantially hollow tubular meniber or 
members. The drillpipe 2705 may be fabricated from any number of conventional 
commercially available materials such as, for exan^le, oilfield country tubular 

25 goods, low alloy steel, carbon steel, stainless steel, or other similar hi^ strength 
materials. The drillpipe 2705 is ftbricated from coiled tubing in order to facilitate 
the placement of the apparatus 2700 in non-vertical wellbores. The drillpipe 2705 
may be coupled to the innerstring adapter 2710 using any number of conventional 
commercially available mechanical coitplings such as, for example, drillpipe 

30 connection, oilfield country tubular goods specialty tfireaded connection, or a 



standard threaded connection. The drillpipe 2705 is removably coupled to the 
innerstring adapter 2710 by a drillpipe connection in order to optimally provide high 
strength and easy disassembly. 

The drillpipe 270S preferably includes a fluid passage 279S that is adapted to 
5 convey fluidic materials from a surface location into tiie fluid passage 2800. The 
fluid passage 2795 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2710 is coupled to the drill string 2705 and the sealing 

10 sleeve 2715, The innerstring adapter 2710 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2710 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The innerstring adapter 2710 

15 is fabricated from stainless steel in order to optimally provide hig^ strength, 
corrosion resistance, and low friction surfaces. 

The innerstring adapter 2710 may be coupled to the drill string 2705 using any 
number of conventional commercially available mechanical couplings such as, for 
exan^le, drillpipe connection, oilfield country tubular goods specialty threaded 
. 20 connection, or a standard threaded connection. The innerstring adapter 2710 is 
removably coupled to ihe drill pipe 2705 by a standard threaded oxmection in order 
to optimally provide hi^ strength and easy disassembly. The innerstring adapter 
2710 may be coi^led to the sealing sleeve 2715 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 

25 connection, oilfield country tubular goods specialty type threaded connection, 
ratchet*latch type threaded connection or a standard threaded connection. The 
innerstring ad^ter 2710 is removably coupled to the sealing sleeve 2715 by a 
standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 that is 

30 adapted to convey fluidic materials from the fluid passage 2795 into the fluid 
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passage 2805. The fluid passage 2800 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

5 The sealing sleeve 2715 is coiq>led to the innerstring adapter 2710 and die first 

inner sealing mandrel 2720. The sealing sleeve 2715 preferably comprises a 
substantiany hollow tubular member or members. The sealing sleeve 2715 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield countiy tubular goods, low alloy steel, carbon steel, 
10 stainless steel or otha- similar high strength matoials. The sealing sleeve 2715 is 
fehricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low friction sur&ces. 

The sealing sleeve 2715 may be coupled to die innerstring adapter 2710 using 
any numbw of coovaitional commercially available mechanical couplings such as, 
15 for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The sealing sleeve 2715 is removably coupled to the innerstring adapter 
2710 by a standard threaded connector. The sealing sleeve 2715 may be coupled to 
the first inner sealing mandrel 2720 using any number of conventional commerciaUy 
!0 available mechanical couplings such as, for example, drillpipe connection, oflfield 
countiy tiibular goods specialty type threaded connection, welding, amorphous 
, bonding or a standard threaded connection. The sealing sleeve 2715 is removably 
coiq>led to the inner sealing mandrel 2720 by a standard threaded connection. 

The sealing sleeve 2715 preferably includes a fluid passage 2802 that is 
5 adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. The fluid passage 2802 is ad^ted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons^unute. 



The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 and 
the first lower sealing head 2730. The first inner sealing mandrel 2720 preferably 
conqxrises a substantially hollow tubular member or members. The first inner 
sealing mandrel 2720 may be febricated fiom any number of conventional 
5 commercially available materials such as> for exanq>Ie, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The first inner sealing mandrel 2720 is &bricated fi-om stainless steel in 
order to optimally provide high strength, corrosion resistance, and low fiiction 
surfaces. 

10 The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 27 1 5 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection oilfield country tubular goods specialty 
threaded coimection, welding, amorphous bonding, or a standard threaded 
connection. The first inner sealing mandrel 2720 is removably coupled to the 
15 sealing sleeve 2715 by a standard threaded cormection. The first inner sealing 
mandrel 2720 may be coipled to the first lower sealing head 2730 using any number 
of conventional commercially available mechanical couplings such as, for exainple, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding, or a standard threaded connection. The 
first inner sealing mandrel 2720 is removably coupled to the first lower sealing head 
2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 2805 
tiiat is ad^ted to convey fluidic materials fix>m Ae fluid passage 2802 into the fluid 
passage 2810. Tlie fluid passage 2805 is ad^ted to convey fluidic materials such 
as, for exaiiq>le, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging fi-om about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The iirst upper sealing head 2725 is coupled to the first outer sealing mandrel 
2735, the second upper sealing head 2745, the second outer sealing mandrel 2755, 
and the expansion cone 2765. The first upper sealing head 2725 is also movably 



coi^led to the outer surface of the first inner sealing mandrel 2720 and the inner 
surface of the casing 2790. In this manner, the firet upper sealing head 2725 
reciprocates in the axial direction. The radial clearance between Ae inner 
cylindrical surface of the first upper sealing bead 2725 and Ae outer surface of the 
5 first inner sealing mandrel 2720 may range, for example, fiom about 0.0025 to 0.05 
inches. The radial clearance between the inner cylindrical surface of flie first upper 
sealing head 2725 and the outer surface of the first inner sealing mandrel 2720 
ranges &om about 0.005 to 0.125 inches in order to optimally provide minimal 
radial clearance. The radial clearance between the outer cylindrical surfiice of the 
10 first upper sealing head 2725 and the inner surface of the casing 2790 may range, for 
example, fi^om about 0.025 to 0.375 inches. The radial clearance between the outer 
cylindrical surfece of the first upper sealing head 2725 and the inner surfece of the 
casing 2790 ranges firom about 0.025 to 0.125 inches in order to optimally provide 
stabilizatiwi for the expansi<»i cone 2765 during flie expansion process. 
15 The first upper sealing head 2725 preferably comprises an annular member 

having substantially cylindrical inner and outer surfaces. The first upper sealing 
head 2725 may be fabricated from any number of convwitional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The first 
upper sealing head 2725 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance and low fiiction surfaces. The inner 
surface of the first upper sealing head 2725 preferably includes one or more annular 
sealing members 2835 for sealing the interface between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
25 comprise any nuniber of conventional commerciaUy available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2835 comprise polypak seals available fiom Parker 
Seals in <ader to optimally provide sealing for long axial strokes. 

The first upper sealing head 2725 includes a shoulder 2840 for supporting the 
30 first upper sealing head 2725 on the first lower sealing head 2730. 
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The first upper sealing head 2725 may be coupled to the first outer sealing 
mandrel 2735 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 
5 connection. The first upper sealing head 2725 is removably coupled to the first 
outer sealing mandrel 2735 by a standard tiireaded connection. The mechanical 
coupling betwem the first iq>per sealing head 2725 and the first outer sealing 
mandrel 2735 includes one or more sealing members 2845 for fluidicly sealing the 
interface betwem the first upper sealing head 2725 and the first outer sealing 
10 mandrel 2735. The sealing members 2845 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. The sealing members 2845 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for 
long axial strokes. 

15 The first lower sealing head 2730 is coupled to the first inner sealing mandrel 

2720 and the second inner sealing mandrel 2740. The first lower sealing head 2730 
is also movably coupled to the inner surface of the first outer sealing mandrel 2735. 
In this manner, the first upper sealing head 2725 and first outer sealing mandrel 
2735 reciprocate in the axial direction. The radial clearance between the outer 

20 sur£ace of the first lower sealing head 2730 and the inner surface of the first outer 
sealing mandrel 2735 may range, for example, firom about 0.0025 to 0.05 inches. 
The radial clearance between the outer surface of the first lower sealing head 2730 
and the inner surface of the first outer sealing mandrel 2735 ranges from about 0.005 
to 0.01 inctes in order to optimally provide minimal radial clearance. 

25 The first lower sealing head 2730 preferably conqyrises an annular member 

having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 2730 may be fabricated trom any ntmiber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar hi^ strength materials. The first 

30 lower sealing head 2730 is fabricated fix)m stainless steel in order to optimally 




provide high strength, corrosion resistance, and low friction surfaces. The outer 
surface of the first lower sealing head 2730 preferably includes one or more annular 
sealing members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2735. The sealing members 2850 may 
5 comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2850 comprise polypak seals available fi^om Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner sealing 
10 mandrel 2720 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods specialty threaded 
connections, welding, amorphous bonding, or standard threaded connection. The 
first lower sealing head 2730 is removably coiq>led to the first inner sealing mandrel 
2720 by a standard threaded connection. The mechanical coupling between the first 
15 lower sealing bead 2730 and the first inner sealing mandrel 2720 includes one or 
more sealing members 2855 for fluidicly sealing the interface between the first 
lower sealing head 2730 and flic first inner sealing mandrel 2720. The sealing 
members 2855 may comprise any number of conventional commercially available 
sealing members such as, for exan:q)le, o-rings, polypak seals or metal spring 
.20 energized seals. The sealing members 2855 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner sealing 
mandrel 2740 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods specialty flireaded 
25 connection, welding, amorphous bonding, or a standard flireaded connection. The 
lower sealing head 2730 is removably coupled to the second inner sealing mandrel 
2740 by a standard threaded connection. The mechanical coupling between the first 
lower sealing head 2730 and the second inner sealing mandrel 2740 includes one or 
more sealing members 2860 for fluidicly sealing the interfece between the first 
30 lower sealing head 2730 and the second inner sealing mandrel 2740. The sealing 



members 2860 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. The sealmg members 2860 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
5 The first outer sealing mandrel 2735 is coiq>led to flie first upp^ sealing head 

2725, the second upper sealing head 2745, fee second outer sealing mandrel 2755, 
and fee expansion cone 2765. The first outer sealing mandrel 2735 is also movably 
coupled to fee inner surfece of fee casing 2790 and fee outer surface of fee first 
lower sealing head 2730. In this mamier, fee first upper sealing head 2725, first 

10 outer sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
mandrel 2755, and fee expansion cone 2765 reciprocate in fee axial direction. The 
radial clearance between fee outer surface of fee first outer sealing mandrel 2735 
and fee inner surface of fee casing 2790 may range, for exan^le, from about 0.025 
to 0.375 inches. The radial clearance between fee outer surface of fee first outer 

15 sealing mandrel 2735 and fee inner surface of fee casing 2790 ranges fix)m about 
0.025 to 0.125 inches in order to optimally provide stabilization for fee expansion 
cone 2765 during fee expansion process. The radial clearance between fee inner 
surface of fee first outer sealing mandrel 2735 and fee outer surface of the first 
lower sealing head 2730 may range, for example* from about 0.0025 to 0.05 inches. 

20 The radial clearance between fee inner surface of fee first outer sealing mandrel 
2735 and fee outer surface of fee first lower sealing head 2730 ranges from about 
0.005 to O.OI inches in order to optimally provide minimal radial clearance. 

The outer sealing mandrel 1935 preferably conprises an annular member 
having substantially cylindrical inner and outer surfaces. The first outer sealing 

25 mandrel 2735 may be fabricated from any number of conventional commercially 
available materials such as, for exan^le, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or ofeer similar high strengfe materials. The first 
outer sealing mandrel 2735 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 



The first outer sealing mandrel 2735 may be coupled to the first upper sealing 
head 2725 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods, welding, amoiphous 
bonding, or a standard threaded connectiMi. The first outer sealing mandrel 2735 is 
5 removably coupled to the first \xppet sealing head 2725 by a standard threaded 
connection. The first outer sealing mandrel 2735 may be coupled to the second 
upper sealing head 2745 using any number of conventianal commercially available 
mechanical couplings such as, for example, oilfield countiy tubular goods specialty 
flireaded connection, welding, amorphous bonding, or a standard threaded 
10 connection. Tlie first outer sealing mandrel 2735 is removably coupled to the 
second upper sealing head 2745 by a standard threaded connection. 

The second inner sealing mandrel 2740 is coupled to the first lower sealing 
head 2730 and the second lower sealing head 2750. The second inner sealing 
mandrel 2740 preferably comprises a substantially hollow tubular member or 
15 members. The second inner sealing mandrel 2740 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. The second inner sealing mandrel 2740 is febricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 
20 and low fiiction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical coiqilings such as, for example, oilfield country tubular goods specialty 
threaded connection, welding, amoiphous bonding, or a standard dveaded 
25 connection. The second iimer sealing mandrel 2740 is removably coupled to the 
first lower sealing head 2740 by a standard threaded connection. The medianical 
coupling between the second inner sealing mandrel 2740 and the first lower sealing 
head 2730 preferably includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second lower 
K) sealing head 2750 using any number of conventional commercially available 



mechanical coiq^lings such as, for exanq>Ie, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The second inner sealing mandrel 2720 is removably coupled to the 
second lower sealing head 2750 by a standard threaded connection. The mechanical 
coiq>ling between fte second inner sealing mandrel 2740 and the second lower 
sealing head 2750 includes one or more sealing members 2865. The sealing 
members 2865 may comprise any number of conventional commercially available 
seals such as, for exanple, o-rings, polypak seals or metal spring energized seals. 
The sealing members 2865 comprise polypak seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fluid passage 
2810 that is adapted to convey fluidic materials from the fluid passage 2805 into the 
fluid passage 2815. The fluid passage 2810 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing head 
2725, the first outer sealing mandrel 2735, the sec<»id outer sealing mandrel 2755, 
and the expansion cone 2765. The second upper sealing head 2745 is also movably 
coupled to the outer surface of tiie second inner sealing mandrel 2740 and the inner 
sur&ce of the casing 2790. In ttiis manner, the second upper sealing head 2745 
reciprocates in the axial directi<m. The radial clearance between the inn^ 
cylindrical surface of the second upper sealing head 2745 and the outer surface of 
the second inner sealing mandrel 2740 may range, for example, from about 0.0025 
to 0.05 inches. The radial clearance betwera the inner cylindrical surface of the 
second upper sealing head 2745 and the outer surface of the second inner sealing 
mandrel 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between the outer cylindrical surface 
of the second upper sealing head 2745 and the inner surface of the casing 2790 may 
range, for example, from about 0.025 to .375 inches. The radial clearance between 
the outer cylindrical surface of the second upper sealing head 2745 and the inner 
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surface of the casing 2790 ranges from about 0.025 to 0.125 inches in order to 
optimaUy provide stabilization for the expansion cone 2765 during the expansion 
process. 

The second upper sealing head 2745 preferably comprises an annular member 
5 having substantially cylindrical inner and outer surfaces. The second upper sealing 
head 2745 may be fabricated from any number of conventional commercially 
available materials such as. for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The 
second upper sealing head 2745 is fabricated from stainless steel in order to 
10 optimally provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the second upper sealing head 2745 preferably includes one or more 
annular sealing members 2870 for sealing the interface between the second upper 
sealing head 2745 and the second inner sealing mandrel 2740. The sealing members 
2870 may comprise any nuniber of conventional commerciaUy available annular 
15 sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. The sealing members 2870 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The second upper sealing head 2745 includes a shoulder 2875 for supporting 
die second upper sealing head 2745 on the second lower sealing head 2750. 
20 The second upper sealing head 2745 may be coupled to the first outer sealing 

mandrel 2735 using any number of conventional commCTcially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubuhr goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The second upper sealing head 2745 is removably coupled to 
25 the first outer sealing mandrel 2735 by a standard threaded connectioa The 
mechanical coupling between the second upper sealing head 2745 and the first outer 
sealing mandrel 2735 includes one or more sealing members 2880 for fluidicly 
sealing the interface between the second upper sealing head 2745 and the first outer 
sealmg mandrel 2735. The sealing members 2880 may comprise any number of 
30 conventional commercially available sealing members such as, for example, o-rings, 

160 



polypak seals or metal spiing energized seals. The sealing members 2880 comprise 
polypak seals available from Paricer Seals in order to optimally provide sealing for a 
long axial stroke. 

The second upper sealing head 2745 may be coiq>led to the seccmd out^ 
5 sealing mandrel 2755 using any number of conventional commercially available 
mechanical couplings such as» for sample, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connectioiL 
The second upper sealing head 2745 is removably coi5>led to the second outer 
sealing mandrel 2755 by a standard flireaded connection. The mechanical coupling 

10 between the second upper sealing head 2745 and the second outer sealing mandrel 
2755 includes one or more sealing members 2885 for fluidicly sealing tiie interface 
between the second upper sealing head 2745 and the second outer sealing mandrel 
2755. The sealing members 2885 may conq>rise any number of conventional 
conamercially available sealing members such as, for example, o-rings, polypak 

15 seals or metal spring energized seals. The sealing members 2885 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long axial 
strokes. 

The second lower sealing head 2750 is coiq)led to the second inner sealing 
mandrel 2740 and the load mandrel 2760. The second lower sealing head 2750 is 

20 also movably coiipled to the inner sur&ce of the second outer sealing mandrel 2755. 
Jn this manner, tfie first iqpper sealing head 2725, the first outer sealing mandrel 
2735, seccmd upper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in the axial direction* The radial clearance 
between (he outer surface of the seccmd lower sealing bead 2750 and the inner 

25 surface of the second outer sealing mandrel 2755 may range, for exan^le, from 
about 0.0025 to 0.05 inches. The radial clearance between the outer surface of flie 
second lower sealing head 2750 and the inner surface of the second outer sealing 
mandrel 2755 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. 
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The second lower sealing head 2750 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 2750 may be fabricated from any numbo- of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
5 steel, carbwi steel, stainless steel or other similar high strengfli materials. The 
second lower sealing head 2750 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
outer suifece of the second lower sealing head 2750 preferably inchides one or more 
annular sealing members 2890 for sealing the interface between the second lower 
10 sealing head 2750 and the second outer sealing mandrel 2755. The sealing members 
2890 may coirprise any number of conventional comm^ally available annular 
sealing members such as, for racample, o-rings, polypak seals or metal spring 
energized seals. The sealing members 2890 comprise polypak seals available from 
Parko^ Seals in order to optimally iMX)vide scaling for long axial strokes. 
15 The second lower sealing head 2750 may be coupled to the second inner 

sealing mandrel 2740 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded connection, 
or a standard threaded connection. The second Iowct sealing head 2750 is 
20 removably coupled to the second inner sealing mandrel 2740 by a standard threaded 
connection. The mechanical coiq)ling between the second loww sealing head 2750 
, and the second inner sealing mandrel 2740 includes one or more sealing membere 
2895 for fluidicly sealing Ae interface between the second sealing head 2750 and 
the second sealing mandrel 2740. The sealing members 2895 may comprise any 
25 number of conventional commercially avaiUble sealing members such as, for 
example, o-rings, polypak seals or metal spring eneigized seals. The sealing 
members 2895 comprise polypak seals available from Parker Seals in order to 
<^timally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 2760 
«) using any number of conventional commercially available mechanical couplings 

162 



such as, for exanq>l6» drillpipe connection, oilfield tubular goods specialty threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. The second lower sealing head 2750 is removably coupled to the load 
mandrel 2760 by a standard ttureaded connection. The mechanical coi^ling 
5 between the second lower sealing head 2750 and the load mandrel 2760 includes 
one or more sealing members 2900 for fluidicly sealing tiie interface between the 
second lower sealing head 2750 and the load mandrel 2760. The sealing members 
2900 may conqmse any niraibcr of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 

10 seals. The sealing members 2900 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 includes a throat passage 2905 fluidicly 
coupled between the fluid passages 2810 and 2815. The throat passage 2905 is 
preferably of reduced size and is ad£q;>ted to receive and engage with a plug 2910, or 

15 other similar device. In this manner, the fluid passage 2810 is fluidicly isolated 
from the fluid passage 2815. In this manner, the pressure chambers 2915 and 2920 
are pressurized The use of a plurality of pressure chambers in the apparatus 2700 
permits the effective driving force to be multiplied. While illustrated using a pair of 
pressure chambers, 2915 and 2920, tiie apparatus 2700 may be further modified to 

20 enq>loy additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper sealing 
head 2725, the first outer sealing mandrel 2735, flie second upper sealing head 2745. 
and the expansion cone 2765. The second outer sealing mandrel 2755 is also 
movably coiq)led to the inner sur&ce of the casing 2790 and the outer surface of the 

25 second lower sealing head 2750. In this manner, the first upper sealing head 2725, 
first outer sealing mandrel 2735, second \xppec sealing head 2745, second outer 
sealing mandrel 2755, and flie expansion cone 2765 reciprocate in tte axial 
direction. 

The radial clearance between the outer surface of the second outer sealing 
30 mandrel 2755 and the inner surface of die casing 2790 may range, for example, from 
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about 0.025 to 0.375 inches. The radial clearance between the outer surface of the 
second outer sealing mandrel 2755 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for the 
expansion cone 2765 during die expansion process. The radial clearance between 
5 the inner surface of the second outer sealing mandrel 2755 and the outer surface of 
the second lower sealing head 2750 may range, for exanople, from about 0.0025 to 
0.05 inches. The radial clearance between the inner surfoce of the second outer 
sealing mandrel 2755 and the outer surface of be second lower sealing head 2750 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal radial 
10 clearance. 

The second outer sealing mandrel 2755 preferably coniprises an annular 
member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 2755 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
15 goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The second outer sealing mandrel 2755 is fabricated fiiim stainless steel 
in order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The second outer sealing mandrel 2755 may be coupled to flje second uppa 
20 sealing head 2745 using any numbra- of conventional comnjercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
. tubular goods specialty threaded connection, ratchet-latdi type threaded connection 
or a standard threaded ccmnection. The second outer sealing mandrel 2755 is 
removably coupled to the second upper sealing head 2745 by a standard threaded 
25 connection. The second outer sealing mandrel 2755 nnay be coupled to the 
eiqMnsion cone 2765 using any numbw of conventional commercially available 
mechanical couplings such as. for example, driUpipe connection, oilfield country 
tubular goods specialty type Oreaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. The second outer sealing mandrel 
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2755 is removably coupled to the expansion cone 2765 by a standard threaded 
connection. 

The load mandrel 2760 is coupled to the second lower sealing head 2750 and 
the mechanical slip body 2755. The load mandrel 2760 preferably comprises an 
annular member having substantially cylindrical inner and outer sur&ces. The load 
mandrel 2760 may be fobricated from any number of conventional commercially 
available materials such as, for exanq)le, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strengA materials. The load 
mandrel 2760 is fabricated from stainless steel in order to optimally pcovide high 
strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2760 may be coupled to the second lower sealing head 2750 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The load mandrel 2760 is ranovably cotq)led to the second 
lower sealing head 2750 by a standard threaded ccwmection. The load mandrel 2760 
may be coupled to the mechanical slip body 2775 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded coimection. The load 
mandrel 2760 is removably coiq)led to the mechanical slip body 2775 by a standard 
threaded cormection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is ad^ted 
to convey fluidic materials from the fluid passage 2810 to the fluid passage 2820. 
The fluid passage 2815 is adapted to convey fluidic materials sudi as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating inressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The e;^ansion cone 2765 is coi^Ied to the second outer sealing mandrel 2755. 
The expansion cone 2765 is also movably coupled to the inner surface of the casing 
2790. In this manner, the first upper sealing head 2725, first outer sealing mandrel 
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2735, second upper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in fee axial direction. The reciprocation of the 
expansion cone 2765 causes the casing 2790 to expand in the radial direction. 

The expansion cone 2765 preferably conqirises an annular member having 
5 substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical sur&ce ranges from about 3 to 28 inches in 
order to optimally provide racpansion cone dimrasions that accommodate the typical 
range of casings. The axial length of the expansion cone 2765 may range, for 
10 example, from about 2 to 8 times the largest outer diameter of the expansion cone 
2765. The axial length of the expansicm cone 2765 ranges from about 3 to 5 times 
the largest outer diameter of the expansion cone 2765 in order to optimally provide 
stabilization and centralization of the e]q)ansion cone 2765. The angle of attack of 
fee expansion cone 2765 ranges from about 5 to 30 degrees in order to optimally 
1 5 balance frictional forces and radial expansion forces. 

The expansion cone 2765 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or ofeer similar high strengfe materials. 
The expansion cone 2765 is fabricated from D2 machine tool steel in order to 
20 optimally provide high strwigfe and resistance to corrosion and galling. The outside 
surface of fee expansion cone 2765 has a surface hardness ranging from about 58 to 
, 62 Rockwell C in order to optimally provide high sliaigfe and resistance to wear 
and galling. 

The expansion ame 2765 may be coupled to fee second outside sealing 
25 mandrel 2765 using any number of conventional commercially available mechanical 
coiq>lings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The expansion cone 2765 is coiQ>Ied to the second 
outside scaling mandrel 2765 using a standard threaded connection in order to 
iO optimally provide high strengfe and easy replacement of fee expansion cone 2765. 
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The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 conq)rises a tubular section of casing having a reduced wall thickness 
compared to the casing 2790. The wall thickness of Ae mandrel launcher 2770 is 
about 50 to 100 % of the wall thickness of ttie casing 2790. The wall thickness of 
the mandrel launcher 2770 may range > for exan^le, from about 0. IS to 1.5 inches. 
The wall thickness of the mandrel launcher 2770 ranges from about 0.25 to 0.75 
inches. In this manner, the initiation of the radial expansion of the casing 2790 is 
facilitated, the placement of the apparatus 2700 within a wellbore casing and 
wellbore is facilitated, and the mandrel launcher 2770 has a burst strength 
approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
number of conventional mechanical couplings such as, for exanqjle, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially available materials such as, for exanfiple, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or other 
similar high strength materials. The mandrel launcher 2770 is fabricated from 
oilfield country tubular goods of higher straigth than that of the casing 2790 but 
with a reduced wall thickness m order to optimally provide a small compact tubular 
container having a biirst strength approximately equal to that of the casing 2790. 

The mechanical slip body 2775 is coupled to the load mandrel 2760, die 
mechanical slips 2780, and die drag blocks 2785. The mechanical slip body 2775 
prefCTably comprises a tubular member having an inn^ passage 2820 fluidicly 
coupled to the passage 2815. In this manner, fluidic materials may be conveyed 
from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 may be coupled to the load mandrel 2760 
using any nimiber of conventional mechanical couplings. The mechanical slip body 
2775 is removably coupled to the load mandrel 2760 using a standard threaded 
connection in order to optimally provide high strength and easy disassembly. The 
mechanical slip body 2775 may be coupled to tiie mechanical slips 2780 using any 
number of conventional mechanical couplings. The mechanical slip body 2755 is 
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removably coupled to the mechanical slips 2780 using threaded connectioiis and 
sliding steel retainer rings in order to optimally provide a high strengfli attachment 
The mechanical slip body 2755 may be coupled to the drag blocks 2785 using any 
number of conventional mechanical couplings. ITie mechanical slip body 2775 is 
5 removably coupled to the drag blocks 2785 using threaded connections and sliding 
steel retainer tings in order to optimally provideahigh strength attachment 

nie mechanical slip body 2775 preferably includes a fluid passage 2820 that is 
adjqrted to convey fluidic materials from the fluid passage 2815 to the region outside 
of the q^paratus 2700. The fluid passage 2820 is adapted to convey fluidic materials 
10 such as, for example, cement epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The mechanical slips 2780 are coupled to the outside surface of the mechanical 
slip body 2775. During operation of the apparatus 2700. the mechanical slips 2780 

15 prevent upward movement of the casing 2790 and mandrel launcher 2770. In this 
manner, during the axial reciprocation of the expansion cone 2765, the casing 2790 
and mandrel launcher 2770 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 2765 and casing 2790 and mandrel launcher 2770 
are expanded in the radial direction by the axial movement of the expansion cone 

20 2765. 

The mechanical slips 2780 may con^rise any number of conventional 
. commercially avaflable mechanical slips such as. for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer widcer type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. TTie 
mechamcal slips 2780 comprise RTTS packer tungsten carbide mechanical slips 
available from HalUburton Energy Services in order to optimally provide resistance 
to axial movement of the casing 2790 and mandrel launcher 2770 during the 
expansion process. 

The drag blocks 2785 are coupled to the outside surface of the mechamcal slip 
body 2775. During operation of the apparatus 2700, the drag blocks 2785 prevent 
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upward movement of the casing 2790 and mandrel launch^ 2770. In this manner, 
during die axial reciprocation of the expansion cone 2765, the casing 2790 and 
mandrel launcher 2770 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 2770 and casing 2790 are expanded in the radial 
5 direction by the axial movement of tiie expansion cone 2765. 

The drag blocks 2785 may con^se any number of conventional 
commercially available mechanical slips such as, for exanqile, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. The drag 
blocks 2785 con5)rise RTTS packer mechanical drag blocks available from 
10 Halliburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 2790 and mandrel launcher 2770 during the expansion 
process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 2790 is 
further removably coupled to the mechanical slips 2780 and drag blocks 2785. The 

15 casing 2790 preferably comprises a tubular member. The casing 2790 may be 
&bricated from any mmiber of conventional commercially available materials such 
as, for example^ slotted tubulars, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strengdi materials. The casing 2790 
is fabricated fix>m oilfield country tubular goods available from various foreign and 

20 domestic steel miUs in order to optimally provide high strength using s t a nd a r d iz ed 
materials. The iipper end of Ifae casing 2790 includes one or more sealing members 
positioned about the exterior of die casing 2790. 

During opmtion, the apparatus 2700 is positimed in a wellbore with the upper 
end of the casing 2790 positioned in an overlapping relationship within an existing 

25 wellbore casing. In order minimize surge pressures witiiin the borehole during 
placement of the apparatus 2700, flie fluid passage 2795 is preferably provided with 
one or more pressure relief passages. During the placement of the apparatus 2700 in 
the wellbore, the casing 2790 is supported by the expansion cone 2765. 

After positioning of the q}paratus 2700 within the bore hole in an overlapping 

30 relationship with an existing section of wellbore casing, a first fiuidic material is 
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pumped into the fluid passage 2795 from a surface location. The first fluidic 
materia] is conveyed from the fluid passage 2795 to the fluid passages 2800, 2802, 
2805. 2810, 2815. and 2820. The first fluidic material will then exit the apparatus 
2700 and fill the annular region between the outside of the apparatus 2700 and the 
interim walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
coramerciaUy available materials such as, for example, epoxy, drilling mud, slag 
mix, water or cement The first fluidic material comprises a hardenable fluidic 
sealing material such as, for example, slag mix, epoxy, or cement to this manner, a 
wellbore casing having an outer annular layer of a hardenable material may be 
formed. 

The first fluidic material may be pumped into the apparatus 2700 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 0 to 
3,000 gallons/minute. The first fluidic material is pumped into the apparatus 2700 at 
operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 
gallons/nrinute in order to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2700 has been fiUed to 
a predetermined level, a plug 2910, dart, or other similar device is introduced into 
the first fluidic material. The plug 2910 lodges in the throat passage 2905 thereby 
fluidicly isolating the fluid passage 2810 from the fluid passage 2815. 

After placement of the plug 2910 in the throat passage 2905, a second fluidic 
material is pumped into the fluid passage 2795 in order to pressurize the pressure 
chambers 2915 and 2920. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, driUing 
gases, drilling mud or lubricants. The second fluidic material comprises a non- 
hardenable fluidic material such as, for example, water, drilling mud or lubricant 
The use of lubricant optimaUy provides lubrication of tiie moving parts of the 
apparatus 2700. 
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The second fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the 
apparatus 2700 at operating pressures and flow rates ranging from about 0 to 3,500 
5 psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

The pressurization of the pressure chambers 2915 and 2920 cause the upper 
sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and 
expansion cone 2765 to move in an axial direction. As the expansion cone 2765 
10 moves in the axial direction, the expansion cone 2765 pulls the mandrel launcher 
2770, casing 2790, and drag blocks 2785 along, which sets the mechanical slips 
2780 and stops further axial movement of the mandrel launcher 2770 and casing 
2790. In this manner, the axial movement of the expansion cone 2765 radially 
expands the mandrel launcher 2770 and casing 2790. 
15 Once the iq>per sealing heads, 2725 and 2745, outer sealing mandrels, 2735 

and 2755, and e?q)ansion cone 2765 complete an axial stroke, the operating pressure 
of the second fluidic material is reduced and the drill string 2705 is raised This 
causes tiie irmer sealing mandrels, 2720 and 2740, lower sealing heads, 2730 and 
2750, load mandrel 2760, and mechanical slip body 2755 to move upward This 
20 unsets the mechanical slips 2780 and permits the mechanical slips 2780 and drag 
blocks 2785 to be moved upward within the mandrel launcher 2770 and casing 
2790. When the lower sealing heads, 2730 and 2750, contact the upper sealing 
heads, 2725 and 2745, the second fluidic material is again pressurized and the radial 
expansion process continues. In this manner, the mandrel launcher 2770 and casing 
25 2790 are radially expanded through repeated axial strokes of the upper sealing 
heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and expansion cone 
2765. Throughout the radial expansion process, the iq)per end of the casing 2790 is 
preferably maintained in an overlapping relation with an existing section of wellbore 
casing. 
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At the end of the radial expansion process, the upper end of the casing 2790 is 
expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. The sealing members provided at Ac upper end of Ae 
casing 2790 provide a fluidic seal between the outside surface of fte upper end of 
5 the casing 2790 and the inside surface of the lower end of the existing wellbore 
casing. The contact pressure betweai the casing 2790 and the existing section of 
weUbore casing ranges from about 400 to 10,000 in order to optimally provide 
contact pressure for activating flie sealing roembos, jnovide <q}timal resistance to 
axial movement of the expanded casing, and optimally resist typical tensile and 
10 compressive loads on the expanded casing. 

As the expansion cone 2765 nears the end of the casing 2790, the operating 
pressure of flie second fluidic matmal is reduced in order to minimize shock to the 
apparatus 2700. The apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 

The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2765 nears the end of the casing 2790 
in order to optimaUy provide reduced axial movement and velocity of the expansion 
cone 2765. The operating pressure of the second fluidic material is reduced during 
the return stroke of the apparatus 2700 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of Ae expansion cone 2765 during Ae 
return stroke. The stroke length of flie apparatus 2700 ranges from about 10 to 45 
feet in order to optimally provide equipment fliat can be easily handled by typical oil 
well rigging equipment and minimize ttie frequency at which die apparatus 2700 
nnist be re-stroked during an e7q)ansi(Hi operation. 

At least a portion of the uppw sealing heads, 2725 and 2745, include 
expansion cones for radially ej^andmg the mandrel laundier 2770 and casing 2790 
during operation of the apparatus 2700 in order to increase the surface area of the 
casing 2790 acted iq>Qn during tfie radial expansion process. In this manner, the 
operating pressures can be reduced. 



Mechanical slips are positioned in an axial location betwera the sealing sleeve 
191S and the first inner sealing mandrel 2720 in order to optimally provide a 
sinq)lified assembly and operation of the apparatus 2700. 

Upon the complete radial expansion of the casmg 2790» if applicable, the first 
5 fluidic material is permitted to cure within the annular region between tiie outside of 
Ae expanded casing 2790 and the interior walls of tfie wellbore. In the case where 
the casing 2790 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2790. In this manner, a new section of wellbore 
casing is formed within a wellbore. Alternatively, the apparatus 2700 may be used 

10 to join a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2700 may be used to directly line the interior of a wellbore with a casing, 
without the use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2700 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 

15 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 2810, and the 
pressure chambers 2915 and 2920. No fluid pressure acts direcfly on the mandrel 
launcher 2770 and casing 2790. This permits the use of operating pressures higher 
than flie mandrel launcher 2770 and casing 2790 could normally witiistand. 

Referring now to Figure 20, an apparatus 3000 for forming a mono-diameter 

20 wellbore casing will be described. The apparatus 3000 preferably includes a. 
drillpipe 3005, an innerstring adapter 3010, a sealing sleeve 3015, a first mner 
sealing mandrel 3020, hydraulic slips 3025, a first iqiper sealing head 3030, a first 
lower sealing head 3035, a first outer sealing mandrel 3040, a second inn^ sealing 
mandrel 3045, a second upper sealing head 3050, a second lowor sealing head 3055, 

25 a second outer sealing mandrel 3060, load mandrel 3065, expansion cone 3070, 
casing 3075, and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115 
and 3120. 

The drillpipe 3005 is coupled to the innerstring ad^ter 3010. During 
operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 3000. 
30 The drillpipe 3005 preferably comprises a substantially hollow tubular member or 
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members. The drillpipe 3005 may be fabricated from any number of conventional 
commerciaUy available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The dxiUpipe 3005 is fabricated from coiled tubing in order to fecilitate 
5 the placement of the sqjparatus 3000 in non-vertical wellbores. The driUpipe 3005 
may be coupled to the inneistring adapter 3010 using any number of conventional 
commercially available mechanical coi5>lings such as. for example, drillpipe 
connection, oilfield countiy tubular goods specialty threaded connection, or a 
standard threaded connection. The driUpipe 3005 is removably coupled to Ae 
1 0 iraiCTstring adapter 3010 by a drillpipe connection. 

TTie drillpve 3005 preferably includes a fluid passage 3080 ttiat is adapted to 
cOTivey fluidic materials torn a surfece location into the fluid passage 3085. The 
fluid passage 3080 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow 
1 5 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/nmiute. 

The innerstring adapter 3010 is coupled to the drill string 3005 and the sealing 
sleeve 3015. The innerstring adapter 3010 preferably comprises a substantially 
hoUow tubular member or members. The innerstring adapter 3010 may be 
fabricated from any number of conventional commercially available materials such 
20 as, for exanplc, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel, or other similar high strength materials. The innerstring ad^ter 3010 
^ is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fiiction surfiu^s. 

The innerstring adapter 3010 may be coupled to the drill string 3005 using any 
25 number of conventional commercially available mechanical couplings such as. for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. The innerstring adapter 3010 is 
removably coupled to the drill pipe 3005 by a drillpipe connection. The innerstring 
adapter 3010 may be coupled to the sealing sleeve 3015 using any number of 
30 conventional commercially available mechanical couplings such as, for example. 
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drillpipc connection, oilfield country tubular goods specialty type tfireaded 
connection, ratdiet-latch type threaded connection or a standard threaded 
connection. The inncrstring adapter 3010 is removably coupled to the sealing sleeve 
3015 by a standard threaded connection. 
5 The innerstring adapter 3010 preferably includes a fluid passage 3085 tiiat is 

adapted to convey fluidic materials &om the fluid passage 3080 into the fluid 
passage 3090. The fluid passage 3085 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

10 gallons/miaute. 

The sealing sleeve 3015 is coupled to the innorstring adapter 3010 and the first 
inner sealing mandrel 3020. The sealing sleeve 3015 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 3015 may be 
fabricated from any number of conventional conunercially available materials such 

15 as, for txampit, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The sealing sleeve 3015 is 
fabricated fi^m stainless steel in order to optimally provide high strength, corrosion 
resistance, and low friction surfaces. 

The sealing sleeve 3015 may be coupled to tiie innerstring adapter 3010 using 

20 any number of conventional commercially available mechanical couplings such as, 
for exanq[>le, driUpipe connection, oilfield country tubular goods specialty type 
threaded connectim, ratchet-latch type connection or a standard threaded 
connection. The sealing sleeve 301 5 is removably coupled to flie innw^ng adi^ter 
3010 by a standard ttireaded connection. The sealing sleeve 3015 may be coupled to 

25 the first innCT sealing mandrel 3020 using any number of conventional conommially 
available mechanical coiq>lings such as, for exanq^le, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, ratchet-latch type 
tiireaded connection or a standard threaded connection. The sealing sleeve 3015 is 
removably coupled to the first inner sealing mandrel 3020 by a standard tiueaded 

30 connection. 
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The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
adapted to convey fluidic materials fiiom flie fluid passage 3085 into the fluid 
passage 3095. The fluid passage 3090 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
5 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 3015, the 
hydraulic slips 3025, and the first lower sealing head 3035. The first inner sealmg 
mandrel 3020 is fiirther movably coupled to the first iq>per sealing head 3030. The 

0 first inner sealing mandrel 3020 preferably comprises a substantially hollow tubular 
member or naembers. The first inner sealing mandrel 3020 may be febricated ftom 
any number of conventional commercially available materials such as, for exanqjle, 
oilfield counHy tubular goods, low aUoy steel, carbon steel, stainless steel, or similar 
high strength materials. The first inner sealing mandrel 3020 is febricated fium 

5 stainless steel in order to optimaUy provide high strength, conosion resistance, and 
low friction surfeces. 

The first inner sealing mandrel 3020 maybe coupled to the sealing sleeve 3015 
using any number of conventional commercially available mechanical coiq)lings 
such as, for exan^le, drillpipe connection, oilfield countiy tubular goods specialty 

1 type threaded connection, ratchet-latch type threaded connection or a. standanl 
threaded connection. The first inner sealing mandrel 3020 is removably coiq)led to 

^ the sealing sleeve 3015 by a standard threaded connection. The first inner sealing 
mandrel 3020 may be coupled to the hydraulic slips 3025 using any number of 
conventional commercially available medianical couplings such as, for exan?>le, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. The first inner sealing mandrel 3020 is removably coupled to the 
hydraulic slips 3025 by a standard threaded connection. The first inner seaUng 
mandrel 3020 may be coupled to the first lower sealing head 3035 using any number 
of conventional commercially available mechanical couplings such as, for example, 
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drillpipe cQanection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard tiireaded 
connection. The first inner sealing mandrel 3020 is removably coupled to the first 
lower sealing head 3035 by a standard threaded connection. 
5 The first inner sealing mandrel 3020 prefmbly includes a fluid passage 3095 

that is adapted to convey fluidic materials fix>m ttie fluid passage 3090 into Ae fluid 
passage 3100. The fluid passage 3095 is adapted to convey fluidic materials such 
as, for example, water, drilling mud, cement, epoxy, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

10 gallons/minute. 

The first inner sealing mandrel 3020 fiirther preferably includes fluid passages 
3110 that are ad^ted to convey fluidic materials from the fluid passage 3095 into 
the pressure chambers of the hydraulic slips 3025. In this manner, the slips 3025 are 
activated vqpon the pressurization of the fluid passage 3095 into contact with the 

15 inside surface of the casing 3075, The fluid passages 3110 are adapted to convey 
fluidic materials such as, for exanaple, cement, epoxy, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 fiirflier preferably includes fluid passages 

20 3115 that are adapted to convey fluidic materials from the fluid passage 3095 into 
the first pressure chamber 3175 defined by the first upper sealing head 3030, the 
first lower sealing head 3035, the first inner sealing mandrel 3020, and the first outer 
sealing mandrel 3040. During operation of the apparatus 3000, pressurization of the 
pressure chamber 3175 causes the first upper sealing head 3030, the first outer 

25 sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surfece of tfie first inner sealing 
mandrel 3020. During operation of the apparattis 3000, the slips 3025 are activated 
upon the pressurization of the fluid passage 3095 into contact with the inside surface 
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of the casing 3075. In this manner, the slips 3025 maintain the casing 3075 in a 
substantially stationary position. 

The sKps 3025 preferably include fluid passages 3125, pnjssure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise any 
5 number of conventional commercially available hydraulic slips such as, for example, 
RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable bridge phxg 
with hydraulic slips. The slips 3025 comprise RTTS packer tungsten carbide 
hydraulic sUps available from HaUiburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 3075 during the expansion 
10 process. 

The first upper sealing head 3030 is coupled to the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 3060, 
and the expansion cone 3070. The first upper sealing head 3030 is also movably 
coupled to the outer surface of the first inner sealing mandrel 3020 and the inner 
surface of the casing 3075. In this manner, the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the second 
outer sealing mandrel 3060, and the expansion cone 3070 reciprocate in the axial 
directioa 

The radial clearance between the inner cylindrical surface of the first upper 
sealing head 3030 and the outer surface of the first inner sealing mandrel 3020 may 
range, for example, from about 0.0025 to 0.05 inches. The radial clearance between 
the inner cylindrical surface of the first upper sealing head 3030 and the outer 
surface of the first inner sealing mandrel 3020 ranges firan about 0.005 to 0.01 
inches in order to optimally provide minimal radial clearance. The radial deanmce 
between the outer cylindrical surface of the first upper sealing head 3030 and the 
inner surfece of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. The radial clearance between the outer <^drical surface of the first upper 
sealing head 3030 and the inner surfece of the casing 3075 ranges from about 0.025 
to 0.125 inches in order to optimally provide stabilization for the expansion cone 
30 3070 during the expansion process. 
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The first upper sealing head 3030 preferably conq)rises an annular member 
having substantially cylindrical inner and outer surfeces. The first upper sealing 
head 3030 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield counlry tubular goods, low alloy 
5 steel, carbon steel, or other similar high strength materials. The first upper sealing 
head 3030 is fabricated fi*om stamless steel in order to optimally provide high 
strength, corrosion resistance, and low firiction surfaces. The inner surfiice of the 
first upper sealing head 3030 preferably mcludes one or more annular sealing 
members 3145 for sealing the interface between the first upper sealing head 3030 

10 and tiie first inner sealing mandrel 3020, The sealing members 3 145 may comprise 
any number of conventional commercially available annular sealing members such 
as, for example, o-rings, polypak seals or metal spring energized seals. The sealing 
members 3145 comprise polypak seals available from Parker seals in order to 
optimally provide sealing for a long axial stroke. 

1 5 The first ui^}er sealing head 3030 includes a shoulder 3 1 50 for supporting fhe 

first upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
head 3050, second outer sealing mandrel 3060, and expansion cone 3070 on the first 
lower sealing head 3035. 

The first iq^per sealing head 3030 may be coupled to the first outer sealing 

20 mandrel 3040 using any number of conventional commercially available mechanical 
couplings such as, f<x exanq>le, drillpipe oomiecticm, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. The first 
upper sealing head 3030 is removably coupled to the first outer sealing mandrel 
3040 by a standard ttireaded connection. The mechanical coupling between the first 

25 upper sealing head 3030 and the first outer sealing mandrel 3040 includes one or 
more sealing members 3155 for fluidicly sealing the interface between the first 
upper sealing head 3030 and the first outer sealing mandrel 3040. The sealing 
members 3155 may conprise any number of conventional commercially available 
sealing members such as, for exanq>le, o-rings, polypak seals, or metal spring 
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energized seals. The sealing members 3155 comprise polypak seals available from 
Paiker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing mandrel 
3020 and the second inner sealing mandrel 3045. The first lower sealing head 3035 
; is also movably coupled to the inner surface of the first outer sealing mandrel 3040. 
In this manner, the first upper sealing head 3030, fim outer sealing mandrel 3040, 
second upper sealing head 3050. second outer sealing mandrel 3060. and expansion' 
cone 3070 reciprocate in the axial direction. The radial clearance between the outer 
surfece of Ae first lower sealing head 3035 and the inner sui^ of Ae first outer 
sealing mandrel 3040 may range, for example, Srom about 0.0025 to 0.05 inches. 
The radial clearance between the outer surfece of the firet lower sealing head 3035 
and the inner sur&ce of the outer sealing mandrel 3040 ranges from about 0.005 to 
0.01 inches in order to optimaUy provide minimal radial clearance. 

The first lower sealing head 3035 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The firet lower sealing 
head 3035 may be febricated fit>m any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The first 
lower scaling head 3035 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfeces. The outer 
surface of the first lower sealing head 3035 preferably includes one or more amiular 
sealing members 3160 for sealing the interfece between the first lower sealing head 
3035 and die first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional comm^cially available annular sealing 
members such as, for exanqjle, o-rings, polypak seals, or metal spring energized 
seals. The sealing members 3160 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 may be coiq>led to the first inner sealing 
mandrel 3020 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe comiection. oilfield countiy tubular goods 
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specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first lower sealing head 3035 is ronovably 
coupled to the first inner sealing mandrel 3020 by a standard threaded connection. 
The mechanical coupling between the first lower sealing head 303S and the first 
5 irmer sealing mandrel 3020 includes one or more sealing members 3 1 65 for fluidicly 
sealing the interfiice between the first lower sealing head 3035 and the first inner 
sealing mandrel 3020. The sealing members 3165 may conqnise any number of 
conventional commercially available sealing menibers such as, for exaiTq>le, o-rings, 
polypak seals, or metal spring energized seals. The sealing members 3165 conq>rise 
10 polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke length. 

The first lower sealing head 3035 may be coupled to the second inner sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as» for exang>le, drillpipe connection, oilfield country tubular goods 
15 specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first lower sealing head 3035 is removably 
coupled to the second inner sealing mandrel 3045 by a standard threaded 
comiection. The mechanical coiq>ling between die first lower sealing head 3035 
and the second inner sealing mandrel 3045 includes one or more sealing members 
20 3 1 70 for fiuidicly sealing die inter&ce between die first lowo- sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing members 3 170 may conqirise 
any number of convrattonal commercially available sealing memba:s such as, for 
example, o-rings, polypak seals or metal spring energized seals. The sealing 
members 3170 conq>rise polypak seals available from Parker Seals in order to 
25 optimally provide sealing for a Icmg axial stroke. 

The first out^ sealing mandrel 3040 is coupled to the first upper sealing head 
3030 and flie second upper sealing head 3050. The first outer sealing mandrel 3040 
is also movably coupled to the inner surface of the casing 3075 and the outer surfece 
of the first lower sealing head 3035. In this manner, the first upper sealing head 
30 3030, first outer sealing mandrel 3040, second upper sealing head 3050, second 
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outer sealing mandrel 3060, and the expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first outer sealing 
mandrel 3040 and the inner surface of die casing 3075 may range, for example, from 
about 0.025 to 0.375 inches. The radial clearance between the outCT surfece of flie 
5 first outer sealing mandrel 3040 and the inner surfiwe of the casing 3075 ranges 
from about 0.025 to 0.125 inches in order to optimally jvovide stabilization for fte 
expansion cone 3070 during the expansion process. The radial clearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer sur&ce of the 
first lower sealing head 3035 may range, for example, torn about 0.005 to 0.125 
10 inches. The radial clearance between the inner surfece of the first outer sealing 
mandrel 3040 and the outer surface of the first lower sealing head 3035 ranges from 
about 0.005 to 0,01 indies in order to optimally provide minimal radial clearance. 

The first outer sealing mandrel 3040 preferably comprises an annular member 
having substantiaUy cylindrical inner and outer surfiujes. The first outer sealing 
mandrel 3040 may be febricated tmm any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, caibon steel, stainless steel or other similar high strength materials. The first 
outer sealing mandrel 3040 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper sealing 
head 3030 using any number of conventional commercially avaihble mechanical 
^ couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first outer sealing mandrel 3040 is removably 
25 coupled to the first upper sealing head 3030 by a standard threaded connection. The 
mechanical coupling between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030 includes one or more sealing members 3180 for sealing the 
interfece between the first outer sealing mandrel 3040 and the first upper sealing 
head 3030. The sealing members 3180 may comprise any number of conventional 
30 commercially available sealing members such as. for example, o-rings. polypak 
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seals or metal spring energized seals. The sealing members 3 1 80 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
5 sealing head 3050 using any number of conventional conmierciaUy available 
mechanical couplings such as, for example, drillpipe coimection, oilfield country 
tubular gpods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. The first outer sealing mandrel 3040 
is removably coupled to the second upper sealing head 3050 by a standard fttreaded 

10 connection. The mechanical coi^Iing between the first outer sealing mandrel 3040 
and the second iq>per sealing head 3050 includes one or more sealing members 3 185 
for sealing the interface between the first outer sealing mandrel 3040 and the second 
ui^>er sealing head 3050. The sealing members 3185 may con^rise any number of 
conventional commercially available sealing members such as, for example, o-rings, 

15 polypak seals or metal spring energized seals. The sealing members 3 1 85 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke* 

The second irmer sealing mandrel 3045 is coupled to the first lower sealing 
head 3035 and the second lower sealing head 3055. The second inner sealing 

20 mandrel 3045 preferably comprises a substantially hollow tubular member or 
menibers. The second iimer sealing mandrel 3045 may be fabricated &om any 
number of conventional commercially available materials such as, fen: exan^le, 
oilfield country tubular goods, low alloy steel, caiixm steel, stainless steel or other 
similar higjtt strmgtfa materials. The second inner sealing mandrel 3045 is fabricated 

25 from stainless steel in order to optimally provide hi^ strength, corrosion resistance, 
and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any nimiber of conventional commercially available 
mechanical couplings such as, for exaii5)le, drillpipe connection, oilfield country 

30 tubular goods specialty type threaded coimection, ratchet-latch type threaded 
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connection or a standard threaded connection. The second inner sealing mandrel 
3045 is removably coupled to the first lower sealing head 3035 by a standard 
threaded connection. The second inner sealing mandrel 3045 may be coupled to the 
second lower sealing head 3055 using any number of conventional commercially 
5 available n^chanical couplings such as, for exaniple, dhllpipe connection, oilfield 
countiy tubular goods specialty type threaded connection, ratchet-latch type 
connecticHi, or a standard threaded connection. The second inner sealing mandrel 
3045 is removably coupled to the second lower sealing head 3055 by a standard 
threaded connection. 

10 The second inner sealing mandrel 3045 preferably includes a fluid passage 

3 1 00 that is adapted to convey fluidic materials from the fluid passage 3095 into the 
fluid passage 3105. The fluid passage 3100 is adapted to convey iluidic materials 
such as, for exan^le, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
15 gallons/minute. 

The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid passage 
3100 into the second pressure chamber 3190 defined by fte second upper sealing 
head 3050, the second lower sealing head 3055, the second inner sealing mandrel 

20 3045, and the second outer sealing mandrel 3060. During q>eration of the apparatus 
3000, pressurization of the second pressure chamber 3190 causes the first upper 
sealing head 3030, the first outer sealing mandrel 3040, die second isppet sealing 
head 3050, the second outer sealing mandrel 3060, and the expansion cone 3070 to 
move in an axial direction. 

25 The second upper sealing head 3050 is coiq)Ied to fte fo^t outer sealing 

mandrel 3040 and the second outer sealing mandrel 3060. The second i^er sealing 
head 3050 is also movably coupled to the outer sm&ce of tiie second inner sealing 
mandrel 3045 and the inner surface of the casing 3075. In this manner, the second 
upper sealing head 3050 reciprocates in the axial direction. The radial clearance 

30 between the inner cylindrical surface of flie second upper sealing head 3050 and the 
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outer surface of ihe second inner sealing mandrel 3045 may range, for example, 
from about 0.0025 to 0.05 inches. The radial clearance between the inner cylindrical 
surface of the second upper sealing head 3050 and the outer surface of the second 
imier sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the second upper sealing head 3050 and the inner sur&ce of 
the casing 3075 may range, for example, from about 0.025 to 0.375 inches. The 
radial clearance between the outer cylindrical surface of the second upper sealing 
head 30S0 and the inner surface of the casing 3075 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 3070 during 
the expansion process. 

The second iq)per sealing head 3050 preferably con^rises an annular member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
head 3050 may be fabricated from any number of conventional commercially 
available materials such as, for exan^le, oilfield country tubular goods, low alloy 
steel, carixm steel, stainless steel or other similar high strength materials. The 
second upper sealing head 3050 is faMcated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the second upper sealing head 3050 preferably includes one or more 
annular sealing members 3195 for sealing tiie inter&ce between the second upper 
sealing head 3050 and the second inner sealing mandrel 3045. The sealing members 
3195 may comprise any number of conventional commercially available annular 
sealing members such as, for exan^le, o-rings, polypak seals or metal spring 
energized seals. The sealing members 3195 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second upper sealing head 3050 includes a shoulder 3200 for supporting 
the first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 on 
the second lower sealing head 3055. 
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The second upper sealing head 3050 may be coupled to the first outer sealing 
mandrel 3040 using any number of conventional commerciany available mechanical 
couplings such as, for example, drilJpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. The second upper sealing head 3050 is removably 
coupled to the first outer sealiqg mandrel 3040 by a standard threaded connectioa 
The mechanical coupling between the secrad vippet sealing head 3050 and the first 
outer sealing mandrel 3040 includes one or more sealing members 3185 for fluididy 
sealing the intaface between die second iqjper sealing head 3050 and the first outer 
sealing mandrel 3040. The second upper sealing head 3050 may be coupled to the 
second outer sealing mandrel 3060 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
countiy tubular goods specialty type threaded connection, ratchet-latch type 
threaded connection, or a standard threaded connection. The second upper sealing 
head 3050 is removably coupled to the second outer sealing mandrel 3060 by a 
standard threaded connection. The mechanical coupling between the second upper 
sealing head 3050 and the second outer sealing mandrel 3060 includes one or more 
sealing members 3205 for fluidicly sealing the interface between ftc second upper 
sealing head 3050 and the second outer sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner sealing 
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is 
also movably coupled to the inner surface of the second outer sealing mandrel 3060. 
In this manner, the first upper sealing head 3030, first outer sealing mandrel 3040, 
second upper sealing mandrel 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 reciprocate in the axial direction. The radial clearance 
between the outer surface of the second lower sealing head 3055 and the inner 
surface of the second outer sealing mandrel 3060 may range, for example, fiom 
about 0.0025 to 0.05 inches. The radial clearance between the outer surface of the 
second lower sealing head 3055 and the inner surface of the second outer sealing 
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mandrel 3060 ranges from about O.OOS to 0.01 inches in order to optiinally provide 
minimal radial clearance. 

The second lower sealing head 3055 preferably coix^rises an annular member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 3055 may be fabricated from any number of convmtional commercially 
available materials such as» for exanq>le, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel, or oflier similar hig}i strength materials. The 
second lower sealing head 3055 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
outer surface of the second lower sealing head 3055 preferably includes one or more 
aimular sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and the second outer sealing mandrel 3060. The sealing members 
3210 may conq^rise any number of conventional conunercially available annular 
sealing members such as, for exan5)le, o-rings, polypak seals, or metal spring 
energized seals. The sealing members 3210 conqsrise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the second inner 
scaling mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for exan:9)le, drillpipe connection, oilfield country 
tubular goods specialty type threaded comiection, or a standard threaded cormection. 
The sec(md lower sealing head 3055 is removably coiq>led to tiie second inner 
sealing mandrel 3045 by a standard threaded connection. The mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 3045 
includes one or more sealing members 3215 for fluidicly sealing tiie interface 
between the second lower sealing head 3055 and the second inner sealing mandrel 
3045. The sealing members 3215 may comprise any niunber of conventional 
conunercially available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. The sealing members 3215 con:q)rise polypak 
seals available from Parker Seals in order to optimally provide sealing for long axial 
strokes. 
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The second lower sealing head 3055 may be coupled to the load mandrel 3065 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, or a standard threaded connection. The second lower 
5 sealing head 3055 is removably coipled to the load mandrel 3065 by a standard 
threaded connection. The mechanical cou9)ling between the second lower sealing 
head 3055 and the load mandrel 3065 includes one or more sealing members 3220 
for fluidicly sealing the interface between die second lower sealing head 3055 and 
the load mandrel 3065. The sealing members 3220 may comprise any number of 
10 conventional comm^cially available sealing members such as, for exanq}le, o-rings, 
polypak seals or metal spring energized seals. The sealing members 3220 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second lower sealing head 3055 includes a tiiroat passage 3225 fluidicly 
15 coiq)led between the fluid passages 3100 and 3105. The throat passage 3225 is 
preferably of reduced size and is adapted to receive and engage with a plug 3230, or 
other similar device. In this manner, the fluid passage 3100 is fluidicly isolated 
from the fluid passage 3105. In this manner, the pressure chambers 3175 and 3190 
are pressurized. Furthermore, the placement of the plug 3230 in the throat passage 
20 3225 also pressurizes the pressure chambers 3 1 30 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upp^ sealing 
head 3050 and the expansion cone 3070. The second outer sealing mandrel 3060 is 
also movably coiq>led to tiie inner sur&ce of the casing 3075 and the outer sur&ce 
of the second lower sealing head 3055. hi tiiis manner, flie first upper sealing head 
25 3030, first outer sealing mandrel 3040, second upper sealing head 3050, second 
outer sealing mandrel 3060, and the expansicm cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second outer 
sealing mandrel 3060 and the inn«- surface of the casing 3075 may range, for 
example, from about 0.025 to 0.375 inches. The radial clearance between the outer 
30 surface of the second outer sealing mandrel 3060 and the inner surface of the casing 
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3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during tiie expansion process. The radial 
clearance between tfie inner surface of tiie second outer sealing mandrel 3060 and 
the outer sur&ce of the second lower sealing head 3055 may range, for exanq)le, 
5 from about 0.0025 to 0.05 inches. The radial clearance between the inner surface of 
the second outer sealing mandrel 3060 and Ae outer surface of the second lower 
sealing head 3055 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
10 member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 3060 may be fabricated from any nimiber of conventional 
commercially available materials such as, for exan^le, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The second outer sealing mandrel 3060 is fabricated from stainless steel 
15 in order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
mechanical coxq)lings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connection. 
The outer sealing mandrel 3060 is removably coupled to the second upper sealing 
head 3050 by a standard threaded connection. The second outer sealing mandrel 
3060 may be coupled to tiie expansion cone 3070 using any number of conventional 
commercially available mechanical couplings such as, for exair^Ie, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, or a 
standard threaded connection. The second outer sealing mandrel 3060 is removably 
coupled to tile expansion cone 3070 by a standard threaded connection. 

The first upper sealing head 3030, the first lower sealing head 3035, the first 
inner sealing mandrel 3020, and tiie first outer sealing mandrel 3040 together define 
the furst pressure chamber 3175. The second upper sealing head 3050, the second 
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lower sealing head 3055, the second inner sealing mandrel 3045, and the second 
outer sealing mandrel 3060 together define the second pressure chamber 3190. The 
first and second pressure chambCTS, 3175 and 3190, are fluidicly coi^led to the 
passages, 3095 and 3100, via one or more passages, 3115 and 3120. During 
5 operation of the apparatus 3000, the plug 3230 engages with the throat passage 3225 
to fluidicly isokte the fluid passage 3100 from the fluid passage 3105. The pressure 
chambers, 3175 and 3190, are Oen pressurized vrtiich in turn causes flie first upper 
sealing head 3030, the first outer sealing mandrel 3040, the second upper sealing 
head 3050, the second outer sealing mandrel 3060, and e}q>ansion cone 3070 to 
10 reciprocate in the axial direction. The axial motion of the expansion cone 3070 in 
turn expands the casing 3075 in die radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, effectively multiplies the available driving force 
fOT the expansion cone 3070. 

The load mandrel 3065 is coi^Ied to Hbe second lower sealing head 3055. The 
15 load mandrel 3065 preferably con^ses an annular member having substantially 
qrlindrical inner and outer surfeces. The load mandrel 3065 may be fabricated 
fix>m any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The load mandrel 3065 is febricated from 
20 stainless steel in order to optiniaUy provide high strength, corrosion resistance, and 
low friction surfaces. 

The load mandrel 3065 may be ooq>led to the lower sealing head 3055 using 
any number of conventional commercially available mechanical couplings such as, 
for example, epoxy, cement, wate, drilling mud, or lubricants. The load mandrel 
25 3065 is removably coi^led to the lower sealing head 3055 by a standard tfateaded 
connection. 

The load mandrel 3065 preferably includes a fluid passage 3 105 that is adapted 
to convey fluidic materials from the fluid passage 3100 to the region outside of the 
apparatus 3000. The fluid passage 3105 is adapted to convey fluidic materials such 
iO as, for example, cement, epoxy, water, drilling mud or lubricants at operating 

190 



pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 3070 is coupled to the second outer sealing mandrel 3060. 
The expansion cone 3070 is also movably coupled to the inner surfece of flie casing 
5 3075. Li diis manner, flie first upper sealing head 3030, first outer sealing mandrel 
3040. second i^per sealing head 3050, second outer sealing mandrel 3060, and the 
expansion cone 3070 reciprocate in flie axial direction. The reciprocation of tiie 
expansion cone 3070 causes flie casing 3075 to expand in the radial dfawtion. 

The expansim cone 3070 prefimbly comprises an annular member having 
10 substantially cylmdrical inner and conical outer surfeces. The outside radius of flie 
outside conical surface may range, for exanq>le, from about 2 to 34 inches. The 
outside radius of flie outside conical surface ranges from about 3 to 28 inches in 
order to optimally provide an e?q)ansion cone 3070 for expanding typical casings. 
The axial lengfli of flie expansion cone 3070 may range, for example, from about 2 
15 to 8 times the maximum outer diameter of tiie expansion cone 3070. The axial 
lengtii of flie expansion cone 3070 ranges from about 3 to 5 times tiie maximum 
outer diameter of flie expansion cone 3070 in order to optimally provide stabilization 
and centralization of flic expansion cone 3070 during the expansion process. The 
maximum outside diameto: of the expansion cone 3070 is between about 95 to 99 % 
20 of tiie inside diameter of flie existing wellbore that flie casing 3075 will be joined 
with. The angle of attack of the expansion cone 3070 ranges from about 5 to 30 
degrees in order to optimally balance the fiictional forces witii flie radial expansion 
forces. 

The expansion cone 3070 may be fabricated from any number of conventional 
25 commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar high strcngfli materials. 
The expansion cone 3070 is fabricated torn D2 machine tool steel in order to 
q>timally provide high strengfli and resistance to wear and galling. The outside 
surface of flie expansion cone 3070 has a surfece hardness ranging from about 58 to 
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62 Rockwell C in order to optimally provide high strength and resistance to wear 
and gaUing. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercially available mechanical 
5 couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type connection or a standard 
threaded connection. The expansion cone 3070 is coupled to the second outside 
sealing mandrel 3060 using a standard threaded connection in oider to optimally 
provide high strength and easy disassembly. 
10 The casing 3075 is removably coupled to the slips 3025 and the expansion 

cone 3070. The casing 3075 preferably con^rises a tubular member. The casing 
3075 may be fabricated fix)m any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, 
carbon steel, low alloy steel, stainless steel, or other similar high strength materials. 
15 The casing 3075 is febricated fi-om oilfield country tubular goods available fi"om 
various foreign and domestic steel mills in order to optimally provide high strength. 

The upper end 3235 of the casing 3075 includes a thin wall section 3240 and 
an outer annular sealing member 3245. The wall thickness of the fliin wall section 
3240 is about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
20 manner, the upper end 3235 of the casing 3075 may be easily radially expanded and 
deformed into intimate contact with the lower end of an existing section of wellbore 
casing. The lower end of the existing section of casing also includes a Ain wall 
secticm. In this manner, tiie radial expansion of the thin walled section 3240 of 
casing 3075 into Ae thin walled section of flie existing wellbore casing results in a 
25 wellbore casing having a substantially constant inside diameter. 

The annular sealing member 3245 may be febricated from any number of 
conventional commercially available sealing materials such as, for exaxiq>le, epoxy, 
rubber, metal or plastic. The annular sealing member 3245 is fabricated from 
StrataLock epoxy in order to optimally provide conipressibility and wear resistance. 
30 The outside diameter of the annular sealing member 3245 preferably ranges from 
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about 70 to 95 % of the inside diameter of the lower section of the wellbore casing 
that the casing 3075 is joined to. In this manner, after radial expansion, the annular 
sealing member 3245 optimally provides a fluidic seal and also preferably optimally 
provides sufficient frictional force with the inside surface of the existing secticm of 
5 wellbore casing during the radial expansion of the casing 3075 to support the casing 
3075. 

The lower end 3250 of the casing 3075 includes a thin wall section 3255 and 
an outCT annular sealing member 3260. The wall thickness of flie thin wall section 
3255 is about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
10 manner, the lower end 3250 of the casmg 3075 may be easily expanded and 
deformed Furfliemiore, in this manner, an other section of casing may be easily 
joined wifli the lower end 3250 of the casing 3075 using a radial expansion process. 
The xxppcr end of the other section of casing also includes a thin wall section. In this 
manner, the radial expansion of the fliin walled section of the upper end of the other 
15 casing into the thin walled section 3255 of the lower end 3250 of the casing 3075 
results in a wellbore casing having a substantially constant inside diameter. 

The upper annular sealing number 3245 may be fabricated ftom any number 
of conventional commercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. The upper annular sealing membCT 3245 is 
20 fabricated from Stratalock q)oxy in order to optimally provide compressibility and 
resistance to wear. The outside diameter of fee upper annular sealing member 3245 
preferably ranges from about 70 to 95 % of the inside diameter of the lower section 
of the existing wellbore casing that the casing 3075 is joined to. In this manner, 
after radial expansion, the upper annular sealing member 3245 preferably provides a 
25 fluidic seal and also prefoably provides sufBcicnt frictional force with the inside 
wall of the wellbore during tfie radial expansion of the casing 3075 to support the 
casing 3075. 

The lower annular sealing member 3260 may be &bricated from any number 
of conventional commercially available sealing materials such as, for example, 
30 epoxy, rubber, metal or plastic. The lower annular sealing member 3260 is 
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fabricated from StrataLock epoxy in order to optimally provide compressibility and 
resistance to wear. The outside diameter of the lower annular sealing member 3260 
preferably ranges from about 70 to 95 % of the inside diameter of the lower section 
of the existing wellbore casing that the casing 3075 is joined to. In this manner, the 
5 lower annular sealing membo* 3260 preferably provides a fluidic seal and also 
preferably provides sufficient frictional force vnfh the inside wall of the wellbore 
during the radial expansion of flie casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a wellbore 
widi the upper end 3235 of the casing 3075 positioned in an overlapping relationship 
10 with the lower end of an existing wellbore casing. The thin wall section 3240 of the 
casing 3075 is positioned in opposing overlapping relati<Ni with the &in wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 3075 will 
conq)ress the Ain wall sections and annular compressible members of the upper end 
15 3235 of the casing 3075 and the lower end of the existing wellbore casing into 
intimate contact During the positioning of the apparatus 3000 in the wellbore, the 
casing 3000 is preferably supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material is then pumped 
into the fluid passage 3080. The first fluidic material may conqjrise any number of 
20 conventional commercially available materials such as, for example, drilling mud, 
water, epoxy, cement, slag mix or lubricants. The first fluidic material conqmses a 
hardaiable fluidic sealing material such as, for exantqple, cement, q>oxy, or slag mix 
in order to optimally provide a hardenable outer annular body around the expanded 
casing 3075. 

25 The first fluidic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging, for exanq)le, from about 0 to 4.500 psi 
and 0 to 4.500 gallons/minute. The first fluidic material is punned into the fluid 
passage 3080 at operating pressures and flow rates ranging firom about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in ordar to c^timally provide operating efficiency. 
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The first fluidic material pumped into the fluid passage 3080 passes through 
the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of the 
apparatus 3000. The first fluidic material then preferably fills flie annular region 
between the outside of the apparatus 3000 and the interior walls of the wellbore. 
5 The plug 3230 is th«i introduced into the fluid passage 3080. The phig 3230 

lodges in die throat passage 3225 and fluidicly isolates and blocks off flie fluid 
passage 3100. A couple of volumes of a non-hardenable fluidic material are then 
pumped into the fluid passage 3080 in order to remove any hardenable fluidic 
material contained within and to ensure that none of the fluid passages are blocked. 
10 A second fluidic material is flien pumped into the fluid passage 3080. The 

second fluidic material may con^rise any number of conventional commercially 
available materials such as, for exan:q>le, water, drilling gases, drilling mud or 
lubricant The second fluidic material comprises a non-hardenable fluidic material 
such as, for example, water, drilling mud, drilling gases, or lubricant in order to 
15 optimally provide pressurization of the pressure diambers 3175 and 3190. 

The second fluidic material may be punq>ed into the fluid passage 3080 at 
operating pressures and flow rates ranging, for exanple, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The secwid fluidic material is punq>ed into the fluid 
passage 3080 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
20 and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The second fluidic material punq>ed into the fluid passage 3080 passes through 
the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 3130 of 
the slips 3025, and into tfie pressure chambers 3 1 75 and 3 190. Continued pumping 
of the second fluidic material pressurizes the pressure chambOT 3130, 3175, and 
25 3190. 

The pressurization of flie pressure chambm 3130 causes Ae hydraulic slip 
membCTs 3140 to eixpmd in the radial direction and grip the interior surfece of the 
casing 3075. The casing 3075 is then preferably maintained in a substantially 
stationary position. 
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The pressurization of the pressxire chambers 3175 and 3190 cause the first 
upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
head 3050, second outer sealing mandrel 3060, and expansion cone 3070 to move in 
an axial direction relative to the casing 3075. In this manner, the expansion cone 
5 3070 will cause the casing 3075 to expand in the radial direction, beginning vnih the 
lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the slips 3025. A length of the casing 3075 is 
then expanded in the radial direction throu^ the pressurization of the pressure 
10 chambers 3175 and 3190. The length of the casing 3075 that is expanded during the 
expansion process will be proportional to the stroke length of the first upper sealing 
head 3030, first outer sealing mandrel 3040, second upper sealing head 3050» and 
e:q>ansion cone 3070. 

Upon the completion of a stroke, the operating pressure of the second fluidic 
15 material is reduced and the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 drop to their rest positions with the casing 3075 supported by 
the expansion cone 3070. The reduction in tfie opo^ting pressure of the second 
fluidic material also causes the spring bias 3135 of the slips 3025 to pull the slip 
members 3140 away firom the inside walls of the casing 3075. 

The position of the driUpipe 3075 is preferably adjusted throughout the radial 
expansion process in order to maintain the overlapping relationship between the tbm 
walled sections of &e lower end of the existing weUbore casing and die iqyper end of 
the casing 3235. The stroking of the expanaon cone 3070 is then repeated, as 
necessary, until the thin walled section 3240 of the upper end 3235 of the casing 
3075 is expanded into the thin waited section of the lower end of the existing 
weUbore casing. In this manner, a weUbore casing is formed including two adjacrat 
sections of casing having a substantially constant inside diameter. This process may 
then be repeated for the entirety of the weUbore to provide a weUbore casing 
thousands of feet in lengfh having a substantiaUy constant inside diameter. 
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During the final stroke of the expansion cone 3070, tfie slips 3025 are 
positioned as close as possible to the thin walled section 3240 of tiie upper end 3235 
of the casing 3075 in order minimize slippage between ihe casing 3075 and the 
existing wellbore casing at the end of the radial expansion process. Alternatively, or 
5 in addition, the outside diameter of the upper annular sealing member 3245 is 
selected to ensure sufficient interference fit witfi the inside diameter of the lowo: end 
of the existing casing to prevent axial displacement of flie casing 3075 during the 
final stroke. Alternatively, or in addition, the outside diameter of the lower annular 
scaling member 3260 is selected to provide an interference fit with the inside walls 
10 of the wellbore at an earlier point in the radial expansion process so as to prevent 
further axial di^lacement of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to pressurize 
tfie pressure chambers 3 175 and 3190. 
15 During the radial expansion process, the pressurized areas of the apparatus 

3000 are preferably limited to the fluid passages 3080, 3085, 3090, 3095, 3100, 
3110, 3115, 3120, the pressure chambers 3130 within the slips 3025, and the 
pressure chambers 3175 and 3190. No fluid pressure acts directly on the casing 
3075. This permits the use of operating pressures higher than the casing 3075 could 
20 normally withstand. 

Once, the casing 3075 has been conq>letely expanded off of the expansion cone 
3070, die remaining portions of the apparatus 3000 are removed fi^om the wellbore. 
The contact pressure between the deformed thin wall sections and con:q)ressible 
annular members of the lower end of the existing casing and the i^>per end 3235 of 
25 the casing 3075 ranges firom about 400 to 10,000 psi in order to optimally siq)port 
the casing 3075 using die existing wellbore casing. 

fa this manner, the casing 3075 is radially expanded into contact with an 
existing section of casing by pressurizing die interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 
30 3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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As required, the annular body of hardenable fluidic material is then allowed to 
cure to form a rigid outer annular body about the expanded casing 3075. In the case 
where the casing 3075 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 3075. The resulting new section of weilbore casing 
5 includes the expanded casing 3075 and the rigid outer annular body. The 
ovorlapping joint between the pre-existing weilbore casing and the expanded casing 
3075 includes the deformed thin wall sections and tiie compressible out^ annular 
bodies. The inner diameter of flie resulting combined weilbore casings is 
substantially constant In this manner, a nraio-diameter weilbore casing is formed. 
10 This process of expanding overl^ping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the entire 
length of a weilbore. In fliis manner, a mono-diameter weilbore casing can be 
provided for thousands of feet in a subterranean formation. 

As the expansion cone 3070 nears the upper end 3235 of the casing 3075, the 
15 operating flow rate of the second fluidic material is reduced in order to minimize 
shock to the apparatus 3000. The apparatus 3000 includes a shock absorber for 
absorbing the shock created by the con:5)letion of flie radial expansion of the casing 
3075. 

The reduced operating pressure of the second fluidic mataial ranges from 
20 about 100 to 1,000 psi as the expansion cone 3070 nears the end of Ae casing 3075 
in order to optimally provide reduced axial movement and velocity of the expansion 
cone 3070. The operating pressure of the second fluidic material is reduced during 
the return stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimize Ae resistance to the movement of the expansion cone 3070 during the 
25 return stroke. The stroke length of the s^yparatus 3000 ranges from about 10 to 45 
feet in order to optimally provide equipmmt diat can be easily handled by typical oil 
well rigging equipment and also minimize the frequency at which the q>paratus 
3000 must be re-stroked. 

At least a portion of one or botfi of the upper sealing heads, 3030 and 3050, 
30 includes an expansion cone for radially expanding the casing 3075 during operation 
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of the apparatus 3000 in order to inCTease the surfece area of the casing 3075 acted 
upon during the radial expansion process. In this manner, the operating pressures 
can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of pipeline 
5 to an existing section of pipeline. Alternatively, the apparatus 3000 may be used to 
directly line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, the apparatus 3000 may be 
used to expand a tubular support member in a hole. 

Referring now to Figure 2 1, an apparatus 3330 for isolating subterranean zones 
10 will be described. A wellbore 3305 including a casing 3310 are positioned in a 
subterranean formation 3315. The subterranean formation 3315 includes a number 
of productive and non-productive zones, including a water zone 3320 and a targeted 
oil sand zone 3325. During exploration of the subterranean formation 3315, the 
wellbore 3305 may be extended in a well known manner to traverse flie various 
15 productive and non-productive zones, including the water zone 3320 and the 
targeted oil sand zone 3325. 

In order to fluidicly isolate the water zone 3320 from the targeted oil sand zone 
3325, an apparatus 3330 is provided that includes one or more sections of solid 
casing 3335, one or more external seals 3340,.one or more sections of slotted casing 
20 3345, one or more intermediate sections of solid casing 3350, and a solid shoe 3355. 

The solid casing 3335 may provide a fluid conduit that transmits fluids and 
other materials fi-om one end of the solid casing 3335 to die oAer end of the solid 
casing 3335. The solid casing 3335 may con^se any nimiber of conventional 
commercially available sections of solid tubular casing such as, for exanq>le, oilfield 
25 tubulars fabricated firon chromium steel or fiberglass. TTie solid casing 3335 
cornpriscs oilfield tubulars available fix)m various foreign and domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 using any number of conventional 
commercially available processes such as, for example, welding, slotted and 
30 expandable connectors, or expandable solid connectors. The solid casing 3335 is 
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coupled to the casing 3310 by using expandable solid connectors. The solid casing 
3335 may con^se a plurality of such solid casings 3335. 

The solid casing 3335 is preferably coiqjled to one more of the slotted casings 
3345. The solid casing 3335 may be coupled to the slotted casing 3345 using any 
5 number of conventional commercially available processes such as, for exanq)le, 
welding, or slotted and expandable connectors. The solid casing 3335 is coupled to 
the slotted casing 3345 by expandable solid connectors. 

The casing 3335 includes one more valve members 3360 for controlling the 
flow of fluids and other materials witiiin the interior region of the casing 3335. 
10 During the production mode of operation, an internal tubular string with various 
arrangements of padcCTS, perforated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones fiom each other v/tdlc providing a fluid path to the 
surface. 

15 The casing 3335 is placed into the wellbore 3305 by expanding the casing 

3335 in the radial direction into intimate contact with the interior walls of the 
wellbore 3305. The casing 3335 may be expanded in the radial dkection using any 
number of conventional commercially available methods. The casing 3335 is 
expanded in the radial direction using one or more of die processes and apparatus 
20 described within the present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within the 
^ annular region 3365 between the soUd casings 3335 and 3350 and the wellbore 
3305. The seals 3340 may comprise any number of conventional commercially 
avaaable sealing materials suitable for sealing a casing in a wellbore such as, for 
25 example, lead, rubber or epoxy. The seals 3340 comprise Stratalok epoxy material 
available from Halliburton &iergy Services. 

The slotted casing 3345 permits fluids and oAer materials to pass into and out 
of the interior of the slotted casing 3345 from and to the annular region 3365. In this 
manner, oil and gas may be produced from a producing subtenmean zone wifliin a 
30 subterranean formation. The slotted casing 3345 may comprise any number of 



conventiQnal commercially available sections of slotted tubular casing. The slotted 
casing 3345 con^rises expandable slotted tubular casing available from Petroline in 
Aberdeen, Scotland The slotted casing 145 comprises e3q)andable slotted 
sandscreen tubular casing available from Petroline in Ab^een, Scotland 
5 The slotted casing 3345 is preferably coupled to one or more solid casing 

3335. The slotted casing 3345 may be coi9)led to the solid casing 3335 using any 
number of conventional commercially available processes such as» for example, 
welding, or slotted or solid expandable connectors. The slotted casing 3345 is 
coupled to the solid casing 3335 by expandable solid connectors. 
10 The slotted casing 3345 is preferably coupled to one or more intermediate 

solid casings 3350. The slotted casing 3345 may be coupled to the intermediate 
solid casing 3350 using any number of conventional commercially available 
processes such as, for example, welding or expandable soKd or slotted connectors. 
The slotted casing 3345 is coi^led to the intermediate solid casing 3350 by 
1 5 expandable solid connectors. 

The last section of slotted casing 3345 is preferably coupled to the shoe 3355. 
The last slotted casing 3345 may be coupled to the shoe 3355 using any number of 
conventional commercially available processes such as, for exan:q>le, welding or 
expandable solid or slotted connectoi^. The last slotted casing 3345 is coupled to 
20 the shoe 3355 by an expandable solid connector. 

The shoe 3355 is col^)led directiy to the last one of the intermediate solid 
casings 3350. 

The slotted casings 3345 are positioned within the wellbore 3305 by expanding 
the slotted casings 3345 in a radial direction into intimate contact with tiie interior 
25 walls of the wellbore 3305. The slotted casings 3345 may be expanded in a radial 
direction using any number of conventional commercially available processes. The 
slotted casings 3345 are expanded in the radial direction using one or more of the 
processes and apparatus disclosed in the present disclosure with reference to Figures 
14a.20. 
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The intennediate solid casing 3350 permits fluids and other materials to pass 
betweai adjac«it slotted casings 3345. The intermediate solid casing 3350 may 
comprise any number of conventional commercially available sections of solid 
tubular casing such as, for exanple, oilfield tubulars febricated from dffomium steel 
5 or fiberglass. The intennediate solid casing 3350 conprises oilfield tubulars 
available from foreign and domestic steel mills. 

The intomediate solid casing 3350 is prefoably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
axxpltd to the slotted casing 3345 using any maaber of conventional commercially 
10 available processes such as, for example, welding, or soUd or slotted expandable 
connectors. The intomediate solid casing 3350 is cot^led to the slotted casmg 3345 
by expandable solid connectws. The intomediate solid casing 3350 may comprise a 
. plurality ofsudi intermediate solid casing 3350. 

Each intwmediate solid casing 3350 includes one more valve members 3370 
15 for controlling the flow of fluids and odier materials within the interior region of the 
intamediate casing 3350. As will be recognized by persons having ordinary skill in 
tfie art and the benefit of the present disclosure, during the production mode of 
operation, an internal tubular string with various arrangements of packers, perforated 
tubing, sliding sleeves, and valves may be employed witiiin tiie apparatus to provide 
20 various options for commingling and isolating subterranean zones from eadi other 
while providing a fluid path to flie surfece. 

The intermediate casing 3350 is placed into tiie wellbore 3305 by expanding 
the intennediate casing 3350 in the radial direction into intimate cmtact with the 
interior waUs of the wellbore 3305. The intermediate casing 3350 may be expanded 
25 in the radial direction using any number of conventional commercially available 
methods. 

One or more of tiie intermediate solid casings 3350 may be omitted. One or 
more of the slotted casings 3345 are provided with one or more seals 3340. 

The ^oe 3355 provides a suppwt member for the appaiatiis 3330. lo Has 
30 manner, various production and exploration tools may be supported by the show 
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3350. The shoe 3350 may con^rise any numher of conventional commercially 
available shoes suitable for use in a wellbore such as, for exan9)le, cem«t filled 
shoe, or an aluminum or conq)osite shoe. The shoe 3350 comprises an aluminum 
shoe available from HaUiburton. The shoe 3355 is selected to provide sufficient 
5 strength in compression and tension to pmnit the use of high capacity production 
and exploration tools. 

The apparatus 3330 includes a plurality of solid casings 3335, a plurality of 
seals 3340, a plurality of slotted casings 3345, a plurality of intermediate solid 
casings 3350, and a shoe 3355. More generally, the apparatus 3330 may comprise 
10 one or more solid casings 3335, eadi with one or more valve members 3360, n 
slotted casings 3345, n-1 intermediate solid casings 3350, each with one or more 
valve members 3370, and a shoe 3355. 

During operation of the apparatus 3330, oil and gas may be controUably 
produced from the targeted oil sand zone 3325 using the slotted casings 3345. The 
1 5 oil and gas may then be transported to a surface location using the solid casing 3335, 
ITie use of intermediate solid casings 3350 with valve members 3370 permits 
isolated sections of the zone 3325 to be selectively isolated for production. The 
seals 3340 permit the zone 3325 to be fluidicly isolated from the zone 3320. The 
seals 3340 further permits isolated sections of the zone 3325 to be fluidicly isolated 
20 from each other. In this manner, the apparatus 3330 permits unwanted and/or non- 
productive subterranean zones to be fluidicly isolated. 

As will be recognized by persons having ordinary skill in the art and also 
having flie benefit of the present disclosure, during the production mode of 
operation, an internal tubular string wiA various arrangements of packers, perforated 
25 tubing, sliding sleeves, and valves may be en^Ioyed within the apparatus to provide 
various options for commingling and isolating subterranean zones from each other 
while i»:oviding a fluid pafli to the surfrice. 

Referring to Figures 22a, 22b, 22c and 22d, an apparatus 3500 for forming a 
wellbore casing while drilling a wellbore will now be described. The apparatus 
30 3500 includes a support member 3505, a mandrel 3510, a mandrel launcher 3515, a 
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shoe 3520, a tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid 
passage 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a releasabie 
coupling 3600. 

5 The support member 3505 is coupled to the mandrel 3510. The support 

member 3505 preferably conq>rises an annular member having sufficient strength to 
cany and siqjport the i^paratus 3500 wittiin the wellbore 3575. The support 
member 3505 furth^ includes one or more conventional centralize (not illustrated) 
to help stabilize the apparatus 3500. 
10 The support member 3505 may conqirise one or more secticms of conventional 

commercially available tubular materials such as, for example, oilfield country 
tubular goods, low alloy steel, stainless steel or carbon steel. The support member 
3505 oonqjrises coiled tubing or drillpipe in order to optimally permit the placement 
of the apparatus 3500 within a non-vertical wellbore. 
15 The support member 3505 includes a first fluid passage 3540 for conveying 

fluidic materials fi-om a surface location to the fluid passage 3545. The first fluid 
passage 3540 is adapted to convey fluidic materials such as water, drilling mud, 
cement, epoxy or slag mix at operating pressures and flow rates ranging torn about 
0 to 10,000 psi and 0 to 3,000 gallons/minute. 
20 The mandrel 3510 is coi4)led to md supported by flie support member 3505. 

The mandrel 3510 is also coupled to and supports the mandrel laundier 3515 and 
tubular member 3525. The mandrel 3510 is preferably adapted to controUably 
expand in a radial direction. The mandrel 3510 may conq>rise any number of 
conventional commmnally available mandrels modified in accordance with the 
25 teachings of the present disclosure. The mandrel 3510 comprises a hydraulic 
expansion tool as disclosed in U.S. Patent No. 5,348,095, the contents of which are 
incorporated herein by reference, modified in accordance with the teachings of tbe 
present disclosure. 

The mandrel 3510 includes one or more conical sections for expanding the 
30 tubular member 3525 in die radial direction. The outer surfeces of the conical 



sections of the mandrel 3510 have a surface hardness ranging from about 58 to 62 
Rockwell C in order to optimally radially expand the tubular member 3525. 

The mandrel 3510 includes a second fluid passage 3545 fluidicly coupled to 
ttie first fluid passage 3540 and the pressure chamber 3550 for conveying fluidic 
5 materials from the first fluid passage 3540 to the pressure chamber 3550. The 
second fluid passage 3545 is adapted to convey fluidic materials such as water, 
drilling mud, cement, epoxy or slag mix at operating pressures and flow rates 
ranging from about 0 to 12,000 psi and 0 to 3,500 gallons/minute in order to 
optimally provide operating pressure for efficient operation. 
10 The mandrel launcher 3515 is coupled to the tubular member 3525, the 

mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably comprises 
a tapered annular member that mates with at a portion of at least one of the conical 
portions of the outer surface of the mandrel 3510. The wall thickness of the mandrel 
launcher is less than the wall thickness of the tubular member 3525 in order to 
15 facilitate the initiation of the radial expansion process and facilitate the placement of 
the apparatus in openings having tight clearances. The wall diickness of the mandrel 
launcher 3515 ranges from about 50 to 100 % of the wall thickness of the tubular 
memb^ 3525 immediately adjacent to the mandrel launcher 3515 in order to 
optimally facilitate the radial expansion process and fecilitate the insertion of the 
20 apparatus 3500 into wellbore casings and ofhcr areas with tight clearances. 

The mandrel laundicr 3515 may be febricated from any number of 
^ conventional commercially available materials such as» for exan^le, oilfield country 
tubular goods, low alloy steel, carbon steel or stainless steeL The mandrel launcher 
3515 is ^hricated from oilfield country tubular goods of higher strength by lower 
25 wall thickness than the tubular member 3525 in order to optimally provide a smalls 
container having 2q)proximate]y the same burst strength as the tubular member 3525. 

The shoe 3520 is coupled to the mandrel launcher 3515 and the releasable 
coupling 3600. The shoe 3520 preferably comprises a substantially annular 
member. The shoe 3520 or the releasable coupling 3600 include a third fluid 



passage 3555 fluidicly coupled to the pressure chamber 3550 and the mud motor 
3530. 

The shoe 3520 may comprise any number of conventional commercially 
available shoes such as, for exanq)le, cement filled, aluminum or composite 
modified in accordance with the teachings of the present disclosure. The shoe 3520 
comprises a high strength shoe having a burst strength approximately equal to the 
burst strength of tiie tubular member 3525 and mandrel launcher 3515. The shoe 
3520 is preferably coupled to the mud motor 3520 by a releasable coupling 3600 in 
order to optimally provide for removal of tfie mud motor 3530 and drill nit 3535 
upon the conf)leti(m of a drilling and casing operation. 

The shoe 3520 includes a releasable latch mechanism 3600 for retrieving and 
removing the mud motor 3530 and drill bit 3535 upon flic completion of flie drilling 
and casing formation operations. The shoe 3520 further includes an anti-rotation 
device for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of the apparatus 3500. The releasable latch mechanism 3600 is 
releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 3510. 
The tubular member 3525 is expanded in the radial direction and extruded off of the 
mandrel 3510. The tubular member 3525 may be fabricated fi-om any number of 
conventional commercially available materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, automotive 
grade steel, or plastic tubing/casing. The tubular member 3525 is fabricated fix)m 
OCTG in (xdcr to maximize strength after expansion. The inner and outer diameters 
of flie tubular member 3525 may range, for example, fix>m ^proximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. The inner and outer diameters of the 
tubular member 3525 range fit>m about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in the most 
commonly drilled wellbore sizes. The tubular member 3525 preferably comprises 
an annular member with solid walls. 



The upper end portion 3580 of the tubular member 3525 is slotted, perforated, 
or otherwise modified to catch or slow down fte mandrel 3510 when the mandrel 
3510 completes the extrusion of tubular member 3525. For typical tubular member 
3525 materials, the length of the tubular member 3525 is preferably limited to 
5 between about 40 to 20,000 feet in length. The tubular member 3525 may comprise 
a single tubular member or, altmiatively, a plurality of tubular members coi^led to 
one another. 

The mud motor 3530 is coiq)led to the shoe 3520 and ttie drill bit 3535. The 
mud motor 3530 is also fluidicly coupled to the fluid passage 3555. The mud motor 

10 3530 is driven by fluidic materials such as, for example, drilling mud, water, 
cement, epoxy, lubricants or slag mix conveyed from the fluid passage 3555 to tiie 
mud motor 3530. In this manner, the mud motor 3530 drives the drill bit 3535. The 
operating pressures and flow rates for operating mud motor 3530 may range, for 
exan^le, from about 0 to 12,000 psi and 0 to 10,000 gallons/minute. The operating 

15 pressures and flow rates for operating mud motor 3530 range from about 0 to 5,000 
psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional commercially 
available mud motors, modified in accordance with the teachings of the preset 
disclosure. The size of the mud motor 3520 and drill bit 3535 are selected to pass 

20 througih the interior of the shoe 3520 and the expanded tubular member 3525. In 
this manner, the mud motor 3520 and drill bit 3535 may be retrieved from &e 
downhole location upon tiie conclusion of the drilling and casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably ad^ted to be powered by the mud motor 3530. In diis manner, the drill 

25 bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any nuniber of conventional commercially 
available drill bits, modified in accordance with the teachings of the present 
disclosure. The size of the mud motor 3520 and drill bit 3535 are selected to pass 
through the interior of the shoe 3520 and the expanded tubular member 3525. In 

30 this manner, the mud motor 3520 and driU bit 3535 may be retrieved from the 
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downhole location upon the conclusion of the drilling and casing operations. The 
drill bit 3535 con:q5rises an eccentric drill bit, a bi-centered drill bit, or a small 
diameter drill bit with an hydraulically actuated under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to the 
5 second fluid passage 3545, the pressure chamber 3550, the third fluid passage 3555, 
and the mud motor 3530. The first fluid passage 3540 is coupled to and positioned 
within die support member 3505. The first fluid passage 3540 preferably extends 
fi-om a position adjacent to the surface to the second fluid passage 3545 within the 
mandrel 3510. The first fluid passage 3540 is preferably positioned along a 
10 centeriine of the q)paratus 3500. 

The second fluid passage 3545 pmnits fluidic materials to be conveyed fix)m 
the first fluid passage 3540 to the pressure chamber 3550, the third fluid passage 
3555, and the mud motor 3530. The second fluid passage 3545 is coupled to and 
positi<med within the mandrel 3510. The second fluid passage 3545 preferably 
15 extends fi-om a position adjacent to the first fluid passage 3540 to the bottom of the 
mandrel 3510. The second fluid passage 3545 is preferably positioned substantially 
along the centeriine of the apparatus 3500. 

The pressure chamber 3550 permits fluidic materials to be conveyed from the 
second fluid passage 3545 to the third fluid passage 3555, and the mud motor 3530. 
20 The pressure chamber is preferably defined by the region below the mandrel 3510 
and within the tubular member 3525, mandrel launcher 3515, shoe 3520, and 
releasable coupling 3600. During <^aticMi of the apparatus 3500, pressurization of 
the pressure chamber 3550 preferably causes tihe tubular member 3525 to be 
extruded off of the mandrel 3510. 
25 The third fluid passage 3555 permits fluidic materials to be conveyed fiom die 

pressure chamber 3550 to the mud motor 3530. The third fluid passage 3555 may 
be coupled to and positioned within the shoe 3520 or releasable coupling 3600. The 
third fluid passage 3555 preferably extends fi-om a position adjacent to the pressure 
chambo" 3550 to the bottom of the shoe 3520 or releasable coupling 3600. The third 



fluid passage 3555 is preferably positioned substantially along the centerline of the 
apparatus 3500. 

The fluid passages 3540, 3545, and 3555 are preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
5 from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally 
operational eflicimcy. 

The ciq) seal 3560 is coupled to and supported by the outer surface of the 
support member 3505. The cup seal 3560 prevents foreign materials from entering 
the interior region of the tubular member 3525. The cup seal 3560 may comprise 
10 any number of conventional commercially available cup seals such as, for example, 
TP cups or SIP cups modified in accordance with the teachings of the present 
disclosure. The cup seal 3560 comprises a SIP ciq), available from Halliburton 
Energy Services in Dallas, TX in order to optimally block the entry of foreign 
materials and contain a body of lubricant. The apparatus 3500 includes a plurality 
15 of such cup seals in order to optimally prevent the entry of foreign material into the 
interior region of the tubular member 3525 in the vicinity of the mandrel 3510. 

A quantity of lubricant 3565 is provided in the annular region above the 
mandrel 3510 within the interior of flie tubular member 3525. In this manner, the 
extrusion of fte tubular member 3525 off of the mandrel 3510 is fecilitated. The 
20 lubricant 3565 may coniprise any number of conventional commercially available 
lubricants such as, for exan:q>le, Lubriplate, chlorine based lubricants, oil based 
lubricants or Climax 1500 Antisieze (3100). The lubricant 3565 comprises Climax 
1500 Antisieze (3100) available from Climax Lubricants and Equ^ment Co. in 
Houston, TX in order to optimally provide optimum lubrication to facilitate the 
25 expansion process. 

Tlie seals 3570 are coupled to and supported by tfie end portion 3580 of tfie 
tubular member 3525. The seals 3570 are further positioned on an outer surface of 
the end portion 3580 of the tubular member 3525. The seals 3570 permit the 
overlapping joint between the lower end portion 3585 of a preexisting section of 
30 casing 3590 and the end portion 3580 of the tubular member 3525 to be fluididy 
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sealed The seals 3570 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon, or epoxy seals modified in 
accordance with the teachings of the present disclosure. The seals 3570 are molded 
from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in 
5 order to optimally provide a load bearing interference fit between the end 3580 of 
the tubular member 3525 and the end 3585 of the pre-existing casing 3590. 

The seals 3570 arc selected to optimally provide a sufficient frictional force to 
support the expanded tubular member 3525 from the pre-existing casing 3590. The 
frictional force optimally provided by the seals 3570 ranges from about 1,000 to 
10 1,000,000 Ibf in order to optimally support the expanded tubular member 3525. 

The releasable coupling 3600 is preferably releasably coupled to Ae bottom of 
the shoe 3520. The releasable coupling 3600 includes fluidic seals for sealing the 
interfece betwewi the releasable coupling 3600 and the shoe 3520. In this manner, 
the pressure chamber 3550 may be pressurized. The releasable coupling 3600 may 
15 comprise any number of conventional commercially available releasable couplings 
suitable for drilling operations modified in accordance with the teachings of the 
present disclosure. 

As iUustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of a 

20 wellbore 3575 including a preexisting section of wellbore casing 3590. The upper 
end portion 3580 of the tubular member 3525 is positioned in an overlapping 
relationship with the lower end 3585 of the preexisting section of casing 3590. The 
apparatus 3500 is initially positioned in the wellbore 3575 with the drill bit 353 in 
contact with the bottom of the wellbore 3575. During Ac initial placemoit of the 

25 apparatus 3500 in the wellbore 3575, flie tubular member 3525 is preferably 
siqyported by Ifae mandrel 35 10. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into flie 
first fluid passage 3540. The fluidic material 3595 is preferably conveyed from the 
first fluid passage 3540 to the second fluid passage 3545, the pressure chamber 

30 3550, the third fluid passage 3555 and the inlet to the mud motor 3530. The fluidic 
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material 3595 may comprise any number of conventional commercially available 
fiuidic materials such as, for example, drilling mud, water, cement, cpoxy or slag 
mix. The iluidic material 3595 may be punq>ed into the first fluid passage 3540 at 
opoBting pressures and flow rates ranging, for exanq>le, fi^om about 0 to 9,000 psi 
5 and 0 to 3,000 gallons/minute. 

The fiuidic material 3595 will enter &e inlet for the mud motor 3530 and drive 
the mud motor 3530. The fiuidic material 3595 will then exit tfie mud motor 3530 
and enter the annular region surrounding the apparatus 3500 withm the wellbore 
3575. The mud motor 3530 will in turn drive Ae drill bit 3535. The operation of 
1 0 ttie drill bit 3535 will drill out a new section of the wellbore 3575. 

In the case where fee fiuidic material 3595 comprises a hardenablc fiuidic 
material, fee fiuidic material 3595 preferably is permitted to cure and form an outer 
annular body surrounding fee periphery of fee expanded tubular member 3525. 
Alternatively, in fee case where fee fluidic material 3595 is a non-hardenable fiuidic 
1 5 material, fee tubular member 3595 preferably is expanded into intimate contact wife 
fee interior walls of fee wellbore 3575. In this mann^, an outer annular body is not 
provided in aU applications* 

As illustrated in Figure 22C, at some point during operation of fee mud motor 
3530 and drill bit 3535, fee pressure drop across fee mud motor 3530 will create 
sufiScient back pressure to cause fee operating pressure wifein fee pressure chamber 
3550 to elevate to fee pressure necessary to extrude fee tubular meniber 3525 off of 
fee mandrel 3510. The elevation of fee operating pressure within fee pressure 
chamber 3550 will feen cause fee tubular member 3525 to extrude off of fee 
mandrel 3510 as illustrated in Figure 22D. For typical tubular menobm 3525, fee 
necessary operating pressure may range, for exanq>le, from about 1 ,000 to 9,000 psi. 
In feis manner, a wellbore casing is formed simultaneous wife fee drilling out of a 
new section of wellbore. 

During fee operation of fee apparatus 3500, the apparatus 3500 is lowered into 
fee wellbore 3575 until fee drill bit 3535 is proximate fee bottom of fee wellbore 
3575. Throughout this process, fee tubular member 3525 is preferably supported by 
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the mandrel 3510. The apparatus 3500 is then lowered until the drill bit 3535 is 
placed in contact with the bottom of the wellbore 3575. At this point, at least a 
portion of the weight of the tubular member 3525 is supported by the drill bit 3535. 
The fluidic material 3595 is then pumped into the first fluid passage 3540, 
5 second fluid passage 3545, pressure chamber 3550, third fluid passage 3555, and the 
inlet of the mud motor 3530. The mud motor 3530 then drives the drill bit 3535 to 
drill out a new section of the wellbore 3575* Once flie difGsrential pressure across 
the mud motor 3530 exceeds the minimum extrusion pressure for the tubular 
member 3525, the tubular member 3525 begins to extrude off of the mandrel 3510. 
10 As the tubular member 3525 is extruded off of the mandrel 3510, flie wei^t of the 
extruded portion of the tubular member 3525 is transferred to and supported by the 
drill bit 3535. The pumping pressure of the fluidic material 3595 is maintained 
substantially constant throughout this process. At some point during the process of 
extruding the tubular member 3525 off of flie mandrel 3510, a sufficient portion of 
15 the wei^t of the tubular member 3525 is transferred to the drill bit 3535 to stop the 
extrusion process due to the opposing force. Continued drilling by the drill bit 3535 
eventually transfers a sufficient portion of the weight of the extruded portion of the 
tubular member 3525 back to the mandrel 3510. At this point, the extrusion of the 
tubular member 3525 off of the mandrel 3510 continues. In this manner, the support 
20 member 3505 never has to be moved and no drillpipe connections have to be made 
at the surface since the new section of the wellbore casing within the newly drilled 
section of wellbore is created by the constant downward feeding of the expanded 
tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fuHy expanded tubular 
25 member 3525 is conq>Ieted, flie siqjport member 3505 and mandrel 3510 are 
removed firom the wellbore 3575. The drilling assembly inchiding flie mud motor 
3530 and drUl bit 3535 are then preferably removed by lowering a drillstring into the 
new section of wellbore casing and retrieving the drilling assembly by using the 
latch 3600. The expanded tubular member 3525 is then cemented using 



conventional squeeze cementing methods to provide a solid annular sealing member 
around the periphery of the expanded tubular mmber 3525. 

Alternatively, the apparatus 3500 may be used to repair or fbixn an 
underground pipeline or form a support member for a structure. The teachings of 
5 tile apparatus 3500 are combined with the teachings of Figures 1-21. For example, 
by operably coupling the mud motor 3530 and drill bit 3535 to fbe pressure 
chambers used to cause the radial expansion of the tubular members of the 
embodiments illustrated and described with reference to Figures 1-21, the use of 
plugs may be eliminated and radial expansion of tubular members can be combined 

10 with the drilling out of new sections of wellbore» 

Referring now to FIGS. 23 A, 23B and 23C, an apparatus 3700 for expanding a 
tubular member will be described. The apparatus 3700 includes a support member 
3705, a packer 3710, a first fluid conduit 3715, an annular fluid passage 3720, fluid 
inlets 3725, an annular seal 3730, a second fluid conduit 3735, a fluid passage 3740, 

15 a mandrel 3745, a mandrel launcher 3750, a tubular member 3755, slips 3760, and 
seals 3765. The apparatus 3700 is used to radially expand the tubular m«nber 3755, 
In this manner, the apparatus 3700 may be used to form a wellbore casing, line a 
wellbore casing, form a pipeline, line a pipeline, form a structural support member, 
or repair a wellbore casing, pipeline or structural siq>port member. The apparatus 

20 3700 is used to clad at least a portion of the tubular member 3755 onto a i^eexisting 
tubular member. 

The support member 3705 is preferably coiq)led to the packer 3710 and the 
mandrel launcher 3750. The support member 3705 preferably conqirises a tubular 
member febricated from any number of conventicmal commercially available 
25 matmals such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, or stainless steel. The support member 3705 is preferably selected to 
fit trough a preexisting section of wellbore casing 3770. In this mannCT, the 
^paratus 3700 may be positioned within the wellbore casing 3770. The support 
member 3705 is releasably coupled to the mandrel launcher 3750. In tfiis manner, 
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the support member 3705 may be decoupled from the mandrel launcher 3750 vpon 
the conq>letion of an extrusion operation. 

The packer 3710 is coupled to the siqjport member 3705 and the first fluid 
conduit 3715. The packor 3710 preferably {novides a fluid seal between the outside 
suiface of the first fluid c(»duit 3715 and the inside surface of the support member 
3705. In ^s manner, the packer 3710 preferably seals off and, in combination with 
the siqjport meniber 3705, first fluid conduit 3715, second fluid conduit 3735, and 
mandrel 3745, defines an annular chamber 3775. The packer 3710 may conqirise 
any number of conventional commercially available packers modified in accordance 
with the teachings of the present disclosure. 

The first fluid conduit 3715 is coupled to the packer 3710 and the annular seal 
3730. The first fluid conduit 3715 preferably comprises an annular member 
fabricated torn any number of conventional commercially available materials such 
as, for exan5)le. oilfield country tubular goods, low alloy steel, carbon steel, or 
stainless steel. The first fluid conduit 3715 includes one or more fluid inlets 3725 
for conveying fluidic materials from the annular fluid passage 3720 into the chamber 
3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surfece of the first fluid conduit 3715 and the interior surface of the second 
fluid conduit 3735. The annular fluid passage 3720 is preferably adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 
pressures and flow rates ranging torn about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to c^timally provide operational efficienqr. 

The fluid inlets 3725 are positimied in an end portion of tiie first fluid conduit 
3715. The fluid inlets 3725 preferably are adapted to convey fluidic materials such 
as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 

The annular seal 3730 is coupled to the first fluid conduit 3715 and the second 
fluid conduit 3735. The annular seal 3730 preferably provides a fluid seal between 



the interior surface of the first fluid conduit 3715 and tbe exterior surface of the 
second fluid conduit 3735. The annular seal 3730 preferably provides a fluid seal 
between the interior surface of the first fluid conduit 3715 and the exterior surface of 
tiie second fluid conduit 3735 during relative axial motion of the first fluid conduit 
3715 and the second fluid conduit 3735. The annular seal 3730 may comprise any 
number of conventional commercially available seals such as» for example, o-rings, 
polypak seals or metal spring energized seals. The annular seal 3730 conqmses a 
polypak seal available firom Parker Seals in order to optimally provide sealing for 
axial motion. 

The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second fluid conduit preferably comprises a tubular member 
fabricated from any nimiber of conv«itional commercially available materials such 
as, for example, coiled tubing, oilfield country tubular goods, low alloy steel, 
stainless steel, or low carbon steel. The second fluid conduit 3735 is adapted to 
convey fiuidic materials such as cement, water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging fix)m about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operaticmal efficiency. 

The fluid passage 3740 is coupled to the second fluid conduit 3735 and the 
mandrel 3745. The fluid passage 3740 is adapted to convey fluidic materials such as 
cement, water, epoxy, lubricants, and slag mix at operating pressures and flow rates 
ranging firom about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 

The mandrel 3745 is coiq)Ied to the second fluid conduit 3735 and the mandrel 
launcher 3750. The mandrel 3745 prefi^bly conqirise an annular member having a 
conic section fabricated from any number of conventional commercially available 
materials such as, for exaiiq>le, carbon steel, tool steel, ceramics, or con^site 
materials. The angle of attack the conic section of the mandrel 3745 ranges from 
about 10 to 30 degrees in order to optimally expand the mandrel launcher 3750 and 
tubular member 3755 in the radial direction. The surface hardness of the conic 
section of the mandrel 3745 ranges fi^m about 50 Rockwell C to 70 Rockwell C. 
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The surface hardness of the outer surface of the conic section of the mandrel 3745 
ranges from about 58 Rockwell C to 62 Rockwell C in order to optimally provide 
high yield strength. The mandrel 3745 is expandable in order to further optimally 
augment the radial expansion process. 
5 The mandrel launcher 3750 is coiq>led to the siq>port member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 preferably 
comprise a tubular member having a variable cross-section and a reduced wall 
thickness in order to facilitate the radial expansion process. The CTOss-sectional area 
of flie mandrel launcher 3750 at one end is adapted to mate with die mandrel 3745, 
10 and at the other end, the a-oss-sectional area of the mandrel launcher 3750 is 
adapted to match the cross-sectional area of the tubular member 3755. The wall 
thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of the wall 
thickness of the tubular memb^ 3755 in order to fecilitate the initiation of the radial 
expansion process. 

15 The mandrel launcher 3750 may be fabricated from any number of 

conventional commercially available materials such as, for exan^le, oilfield country 
tubular goods, low allow steel, stainless steel, or carbon steel. The mandrel launcher 
3750 is fiabricated from oilfield country tubular goods having higher strength but 
lower wall thickness than the tubular member 3755 in order to optimally match the 

20 burst strength of the tubular member 3755. The mandrel launcher 3750 is 
removably coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be r^oved from the wellbore 3780 upon the conq>letion of an 
extrusion operation. 

The tubular member 3755 is coupled to the mandrel launcher, the slips 3760 
25 and the seals 3765. The tubidar meniber 3755 prefa:ably comprises a tubular 
member fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steeU caibon steel, stainless steel, or 
oilfield country tubular goods. The tubular member 3755 is fabricated from oilfield 
country tubular goods. 



The slips 3760 are coiq)led to the outside surface of the tubular member 3755. 
The slips 3760 preferably are adapted to couple to the interior walls of a casing, 
pipeline or otfier structure upon the radial expansion of Ae tubular member 37S5. In 
this manna*, the slips 3760 provide stractural support for the expanded tubular 
member 3755. The slips 3760 may conqirise any number of conventional 
commercially available slips, modified in accordance with the teachings of the 
present disclosure. 

The seals 3765 are coupled to the outside sur&ce of the tubular member 3755. 
The seals 3765 preferably provide a fluidic seal between the outside surface of the 
expanded tubular member 3755 and the interior walls of a casing, pipeline or other 
structure upon die radial expansion of the tubular member 3755. In this manner, the 
seals 3765 provide a fluidic seal for the expanded tubular member 3755. The seals 
3765 may conprise any number of conventional commercially available seals such 
as, for example, lead, rubber, Teflon or epoxy seals modified in accordance with the 
teachings of the present disclosure. The seals 3765 comprise seals molded fix>m 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
to optimally provide a hydraulic seal in the overlapping joint and optimally provide 
load carrying capacity to withstand the range of typical tensile and compressive 
loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 
lowered into a wellbore 3780 having a preexisting section of wellbore casing 3770. 
The apparatus 3700 is positioned with at least a portion of the tubidar member 3755 
overlapping with a portion of the wellbore casing 3770. In this manner, the radial 
expansion of the tubular member 3755 will preferably cause the outside sur&ce of 
&e expanded tubular member 3755 to couple with flie inside sur&ce of the wellbore 
casing 3770. The radial e3q)ansion of the tubular member 3755 will also cause the 
slips 3760 and seals 3765 to engage with the interior surface of tfie wellbore casing 
3770. hi this manner, the expanded tubular member 3755 is provided with enhanced 
structural support by the slips 3760 and an enhanced fluid seal by the seals 3765. 



As illustrated m FIG. 23B, after placement of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 is 
preferably pumped into tiie chamber 3775 using the Huid passage 3720 and the inlet 
passages 3725. The fluidic material is pumped into the chamber 3775 at operating 
5 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. The pun^ 
fluidic material 3785 increase the operating pressure witfun the chamber 3775. Tlie 
inoeased operating pressure in Ac diamber 3775 then causes the mandrel 3745 to 
extrude the mandrel launcher 3750 and tubular member 3755 off of the face of the 
10 mandrel 3745. The extrusion of the ntiandrel launcher 3750 and tubular member 
3755 off of the fece of Ae mandrel 3745 causes flie mandrel launcher 3750 and 
tubular member 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire length of the tubular member 3755 
to expand in the radial direction. 
15 The pumping rate and pressure of the fluidic material 3785 is reduced during 

the latter stages of the extrusion process in order to minimize shock to the apparatus 
3700. The apparatus 3700 includes shock absorbers for absorbing the shock caused 
by the conpletion of die extrusion process. 

The extrusion process causes tfie mandrel 3745 to move in an axial direction 
20 3785. During Ae axial movement of the mandrel, The fluid passage 3740 conveys 
fluidic material 3790 displaced by the moving mandrel 3745 out of tiie wellbore 

. 3780. hidiis manner, the operational efficiency and speed of Ac extrusion process 
is enhanced. 

The extrusion process includes the injection of a hardenable fluidic material 
25 into the annular region between the tubular member 3755 and the bore hole 3780, In 
this manner, a hardened sealing layw is inrovided between the expanded tubular 
member 3755 and the interior walls of die wellbore 3780. 

As illustrated in FIG. 23C, upon the completion of die extrusion process, the 
support member 3705, packer 3710, first fluid conduit 3715, annular seal 3730, 



second fluid conduit 373S, mandrel 374S» and mandrel launcher 3750 are moved 
from fte wellbore 3780. 

The apparatus 3700 is used to rq)air a preexisting wellbore casing, pipeline^ or 
structural siq>port Both ends of the tubular member 3755 preferably include slips 
5 3760 and seals 3765. 

The apparatus 3700 is used to form a tubular structural siqyport for a building 
or ofi&hore structure. 

Referring now to FIGS. 24A, 24B, 24C, 24D, and 24E, an apparatus 3900 for 
expanding a tubular member will be described. The ^aratus 3900 includes a 
10 support member 3905, a mandrel launcher 3910, a mandrel 3915, a first fluid 
passage 3920, a tubular member 3925, slips 3930, seals 3935, a shoe 3940, and a 
second fluid passage 3945. The apparatus 3900 is used to radially expand the 
mandrel launcher 3910 and tubular member 3925. In this manner, the apparatus 
3900 may be used to form a wellbore casing, line a wellbore casing, form a pipeline, 
15 line a pipeline, form a structural support member, or repair a wellbore casing, 
pq>eline or structural support member. The apparatus 3900 is used to clad at least a 
portion of the tubular member 3925 onto a preexisting structural member. 

The support member 3905 is preferably coxq)led to the mandrel launcher 391 0. 
The support member 3905 preferably comprises a tubular member fabricated from 
20 any number of conventional co m mercially available materials such as, for exsnsple^ 
oilfield country tubular goods, low alloy steel, carbon steel, or stainless steel The 
siqiport member 3905, the mandrel launcher 3910, the tubular member 3925, and the 
shoe 3940 are preferably selected to fit through a preexisting section of wellbore 
casing 3950. In this manner, tihe apparatus 3900 may be positioned within the 
25 wellbore casing 3970. The supp(Mt number 3905 is releasably coupled to the 
mandrel launcher 3910. In this manner, the support member 3905 may be 
decoupled from the mandrel launcher 3910 upon the completion of an extrusion 
operation. 

The mandrel laimcher 3910 is coupled to the support member 3905 and the 
30 tubular member 3925. The mandrel launcher 3910 preferably con5)rise a tubular 



member having a variable cross-section and a reduced wall thickness in order to 
fecilitate the radial expansion process. The cross-sectional area of the mandrel 
launcher 3910 at one end is adapted to mate with the mandrel 3915, and at the other 
end, the cross-sectional area of the mandrel launcher 3910 is adapted to match the 
5 cross-sectional area of the tubular member 3925. The wall thickness of the mandrel 
launcher 3910 ranges from about 50 to 100 % of the wall thickness of the tubular 
member 3925 in order to &ciUtate the initiation of the radial expansion process. 

The mandrel launcher 3910 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
10 tubular goods, low allow steel, stainless steel, or carbon steel. The mandrel launcher 
3910 is fabricated from oilfield country tubular goods having higher strength but 
lower wall thickness than the tubular member 3925 in order to optimally match the 
burst strength of the tubular member 3925. The mandrel launcher 3910 is 
removably coupled to the tubular member 3925. In this manner, the mandrel 
15 launcher 3910 may be removed from the wellbore 3960 upon the completion of an 
extrusion operation. 

The mandrel 3915 is coupled to the mandrel launcher 391 0. The mandrel 3915 
preferably comprise an annular member having a conic section fabricated from any 
number of conventional commercially available materials such as, for example, tool 
20 steel, carbon steel, ceramics, or composite materials. The angle of attack of the 
conic section of the mandrel 3915 ranges from about 10 to 30 degrees in order to 
^ optimally expand the mandrel launcher 3910 and the tubular member 3925 in the 
radial directioa The surface hardness of the conic section of the mandrel 3915 
ranges from about 58 to 62 RockweU C in order to optimaDy provide high strength 
25 and resist wear and galling. The numdrel 3915 is expandable in oider to further 
optimally augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/hiinute in onJer to optimally 
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provide operational efficiency. The fluid passage 3920 preferably includes an inlet 
3965 adapted to receive a plug, or other similar device. In this manner, the interior 
chamber 3970 above the mandrel 3915 may be fluidicly isolated from the interior 
chamber 3975 below the mandrel 3915. 
5 The tubular member 3925 is coupled to the mandrel launcher 3910» the slips 

3930 and the seals 3935. The tubular member 3925 preferably comprises a tubular 
member fabricated from any numb^ of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, stainless steel, or 
oiliSeld country tubular goods. The tubular member 3925 is febricated from oilfield 

10 country tubular goods. 

The slips 3930 are coiq>led to the outside surface of Ifae tubular member 3925. 
The slips 3930 preferably are adapted to couple to the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 3925. In 
this manner, the slips 3930 provide structural support for the expanded tubular 

15 member 3925. The slips 3930 may conprise any number of conventional 
commercially available slips, modified in accordance with the teachings of the 
present disclosure. 

The seals 3935 are coupled to the outside surface of the tubular member 3925. 
The seals 3935 preferably provide a fluidic seal between the outside surface of the 

20 expanded tubular member 3925 and the intmor walls of a casing, pipeline or other 
structure upon the radial e3q>ansion of the tubular meniber 3925. In this manner, the 
seals 3935 provide a fluidic seal fcfc the expanded tubular memb^ 3925. The seals 
3935 may conqnise any number of convmtional commercially available seals such 
as, for exanq>le, lead, rubber or q)0xy. The seals 3935 conqnise Stratalok q>oxy 

25 material available from Halliburton Energy Services in order to optimally provide 
structural su|^rt for the typical tensile and compressive loads. 

The shoe 3940 is coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantially tubular member having a fluid passage 3945 for 
conveying fluidic materials from the chamber 3975 to the annular region 3970 

30 outside of the apparatus 3900. The shoe 3940 may conprise any number of 
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conventional commercially available shoes modified in accordance with the 
teachings of the present disclosure. 

During operation of the apparatus 3900. the ^paratus 3900 is preferably 
lowered into a wellbore 3960 having a preexisting section of wellbore casing 3975. 
5 The apparatus 3900 is positioned with at least a portion of the tubular member 3925 
overlqjping with a portion of the wellbore casing 3975. In this manner, the radial 
expansion of the tubular member 3925 wiU preferably cause the outside surfece of 
the expanded tubular member 3925 to couple with the inside surface of the wellbore 
casing 3975. The radial expansion of the tubular meiriber 3925 will also cause the 
10 slips 3930 and seals 3935 to engage with the interior surface of the wellbore casing 
3975. to this manner, the expanded tubular member 3925 is provided with enhanced 
structural support by the slips 3930 and an enhanced fluid seal by the seals 3935. 

As illusUated in FIG. 24B, after placement of the apparatus 3900 in an 
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 is 
preferably pumped into the chamber 3970. The fluidic material 3980 then passes 
through the fluid passage 3920 into the chamber 3975. ITie fluidic material 3980 
then passes out of the chamber 3975, through the fluid passage 3945, and into the 
annular region 3970. The fluidic material 3980 is pumped into the chamber 3970 at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
20 gallons/minute in order to optimally provide operational efficiency. The fluidic 
material 3980 comprises a hardenable fluidic sealing material in order to form a 
hardened outer annular member around the expanded tubular member 3925. 

As illustrated in HG. 24C, at some later point in the process, a ball 3985, phig 
or other similar device, is introduced into the pumped fluidic material 3980. The 
25 baU 3985 mates with and seals off Ae inlet 3965 of the fluid passage 3920. In fliis 
manner, the chamber 3970 is fluididy isohited from the chamber 3975. 

As iUustrated in FIG. 24D, after placement of the baU 3985 in the inlet 3965 of 
the fluid passage 3920, a fluidic material 3990 is pumped into the chamber 3970. 
The fluidic material is preferably pumped into the chamber 3970 at operating 
30 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 



gallons/minute in order to provide optimal operating efficiency. The fluidic material 
3990 may comprise any number of conventional commercially available materials 
such as. for exanq)le, water, drilling mud, cement, cpoxy, or slag mix. The fluidic 
material 3990 comprises a non-hardenable fluidic material in order to maximize 
5 operational efficient. 

Continued pumping of the fluidic material 3990 increases fluidic material 3980 
increases ttie operating pressure within the chamber 3970. The increased operating 
pressure in the chamber 3970 tfa^ causes the mandrel 3915 to extmde the mandrel 
launcher 3910 and tubular member 3925 off of the conical &ce of the mandrel 3915. 

10 The extrusion of the mandrel launcher 3910 and tubular member 3925 off of the 
conical face of the mandrel 3915 causes the mandrel launcher 3910 and tubular 
member 3925 to expand in the radial direction. Continued pumping of the fluidic 
material 3990 preferably causes the entire length of the tubular member 3925 to 
expand in the radial direction. 

15 The pumping rate and pressure of the fluidic material 3990 is reduced during 

the latter stages of the extrusion process in order to minimize shock to the apparatus 
3900. The ^paratus 3900 includes shock absorbers for absorbing the shock caused 
by the conq>letion of the extrusion process. The extrusion process causes tiie 
mandrel 3915 to move in an axial direction 3995. 

20 As illustrated in FIG. 24E, upon the conpletion of the extrusion process, the 

siq>port member 3905, packer 3910, first fluid conduit 3915, annular seal 3930, 
second fluid conduit 3935, mandrel 3945, and mandrel launcher 3950 are removed 
from the wellbore 3980. The resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular memb^ 3925, the slips 

25 3930, the seals 3935, the shoe 3940, and an out^ annular layer 4000 of hardened 
fluidic material. 

The apparatus 3900 is used to repair a preexisting wellbore casing or pipeline. 
Both ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 
The apparatus 3900 is used to form a tubular structural support for a building 
30 or offshore structure. 
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Referring to FIGS. 25 and 26, the optimal relationship between the angle of 
attack of an expansion mandrel and the minimally required propagation pressure 
during the expansion of a tubular member will now be described. As illustrated in 
FIG. 25, during the radial expansion of a tubular member 4100 by an expansion 
5 mandrel 4105, the expansion mandrel 4105 is displaced in the axial direction. The 
angle of attack " of tiie conical surfece 41 10 of the expansion mandrel 4105 directly 
affects the required propagation pressure PpR necessary to radially expand the 
tubular member 4100. Refening to FIG. 26, for typical grades of materials and 
^ical geometiies, flie propagation pressure FpR is minimized fm an angle of attack 
10 of approximately 25 degrees. Furthermore, the optimal range of the angle of attack " 
ranges from about 10 to 30 degrees in order to minimize flie range of required 
m i nim u m propagation pressure Ppn. 

Refening to FIG. 27, an «cpandable threaded connection 4300 will now be 
described. The expandable threaded connection 4300 preferably includes a first 
15 tubular member 4305, a second tubular member 43 1 0, a threaded connection 43 1 5, 
an O-ring groove 4320, and an 0-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an outside 
wall 4335. The first hibular member 4305 preferably comprises an annular member 
having a substantially constant wall thickness. 

20 The second tubular member 43 10 includes an inside wall 4340 and an outside 

wall 4345. The second tubular member 4310 preferably comprises an annular 
member having a substantially constant wall thickness. 

The first and second tubular members, 4305 and 4310, may comprise any 
number of conventional commerciaUy available members. The inside and outside 
15 diametas of the first and second tubular members, 4305 and 4310, are substantially 
equal. In this manner, tiie burst sti-ength of the ftjbular members, 4305 and 4310, are 
substantiaUy equal This minimizes the possibility of a catastrophic failure during 
Hit radial expansion process. 

The threaded connection 4315 may comprise any number of conventional 
) threaded connections suitable for use with tubular members. The threaded 



connection 4315 con5)rises a pin-and-box threaded connection. In this manner, the 
assembly of the first tubiilar member 4305 to the second tubular member 4310 is 
optimized. 

The 0-ring groove 4320 is preferably provided in die tiireaded portion of the 
5 interior wall 4340 of the second tubular member 4310, The 0-ring groove 4320 is 
preferably adapted to receive and support one or more 0-rings, The volumetric size 
of the 0-ring groove 4320 is preferably selected to permit the 0-ring 4325 to expand 
at least approximately 20% in the axial direction during the radial expansion 
process. In this manner, deformation of the outer surface 4345 of the second tubular 
10 member 4310 during and i^on the conviction of the radial expansion process is 
minimized. 

The 0-ring 4325 is supported by the 0-ring groove 4320. The 0-ring 4325 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4305 and the second tubular member 4310 throughout and upon the 
1 5 completion of the radial expansion process. 

Referring to FIG. 28, an expandable tiireaded connection 4500 will now be 
described. The expandable threaded connection 4500 includes a first tubular 
member 4505, a second tubular member 4510, a threaded connection 4515, an O- 
ring groove 4520, and an 0-ring 4525. 
20 The first tubular member 4505 includes an inside wall 4530 and an outside 

wall 4535. The first tubular member 4305 preferably conxprises an annular member 
having a substantially constant wall thickness. 

The second tubular member 4510 includes an inside wall 4540 and an outside 
wall 4545. The second tubular menober 4510 preferably comprises an annular 
25 memba having a substantially constant wall tiuckness. 

The first and second tubular members, 4505 and 4510, may conq>rise any 
nurhber of conventional commercially available members. The inside and outside 
diametm of the first and second tubular members, 4505 and 4510, are substantially 
equal. In this maimer, the burst strength of the tubular members, 4505 and 4510, are 
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substantially equal. This minimizes the possibility of a catastrophic failure during 
the radial expansion process. 

The threaded connection 4515 may comprise any number of conventional 
threaded connections suitable for use with tubular members. The threaded 
connection 4515 comprises a pin-and-box threaded connection. In this manner, the 
assembly of the fust tubular member 4505 to the second tubular member 4510 is 
optimized. 

The 0-ring groove 4520 is preferably provided in the threaded portion of the 
interior wall 4540 of the second tubular member 4510 immediately adjacent to an 
end portion of the threaded connection 4515. In this manner, the sealing efiFect 
provided by the 0-ring 4525 is optimized The 0-ring groove 4520 is preferably 
adapted to receive and support one or more 0-rings. The vohmietric size of the O- 
ring groove 4520 is preferably selected to permit the 0-ring 4525 to expand at least 
approximately 20% in the axial direction during the radial expansion process. In 
15 this manner, deformation of the outer surface 4545 of the second tubular member 
4510 during and upon the completion of the radial expansion process is minimized. 

The 0-ring 4525 is supported by fee 0-ring groove 4520. The 0-ring 4525 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4505 and the second tubular member 4510 throughout and upon the 
20 con^l etion of the radial e^ansi on process. 

Referring to FIG. 29, an expandable threaded connection 4700 will now be 
described. The expandable threaded connection 4700 includes a first tubular 
member 4705, a second tubular member 4710, a threaded connection 4715, an O- 
ring groove 4720, a first 0-ring 4725, and a second 0-ring 4730. 
25 The first tubular member 4705 includes an inside wall 4735 and an outside 

waU 4740. The first tubular member 4705 preferably comprises an annular member 
a substantiaUy constant wall thickness. 
The second tubular member 4710 includes an inside waH 4745 and an outside 
wall 4750. The second tubular member 4710 preferably con^rises an annular 
30 membw having a substantially constant wall tfiidmess. 
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The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. The inside and outside 
diameters of the first and second tubular members, 4705 and 4710, are substantially 
equal. In this manner, the burst strengA of the tubular members, 4705 and 4710, are 
5 substantially equal. This minimizes the possibility of a catastrc^hic failure during 
the radial expansicm process. 

The threaded connection 4715 may comprise any number of conventional 
threaded connections suitable for use with tubular members. The threaded 
connection 4715 conqmses a pin-and-box threaded connection. In this manner, the 
10 assembly of the first tubular member 4705 to the second tubular member 4710 is 
optimized. 

The 0-ring groove 4720 is preferably provided in the threaded portion of the 
interior wall 4745 of the second tubular member 4710 immediately adjacent to an 
end portion of the threaded connection 4715. In this manner, the sealing effect 

15 provided by the O-rings, 4725 and 4730, is optimized. The 0-ring groove 4720 is 
preferably adapted to receive and support a plurality of O-rings. The volimietric size 
of the Oring groove 4720 is preferably selected to permit the O-rings, 4725 and 
4730, to expand at least approximately 20% in the axial direction during the radial 
expansion process. In this maimer, deformation of flie outer surface 4750 of the 

20 second tubular member 4710 during and iipon the conqsletion of the radial 
expansion process is minimized. 

The O-rings, 4725 and 4730, are supported by ^e O-ring groove 4720. The 
pair of O-rings, 4725 and 4730, optimally ensure that a fluid-tight seal is maintained 
betwem the first tubular member 4705 and fte second tubular member 4710 

25 throu^out and upon Ae completion of die radial expansion process. In particular, 
the use of a pair of adjacent O-rings provides redundancy in the seal between the 
first tubular member 4705 and the second tubular member 4710. 

Referring to FIG. 30, an expandable threaded connection 4900 will now be 
described. The expandable threaded connection 4900 includes a first tubular 

30 member 4905, a second tubular member 4910, a threaded connection 4915, a first O- 
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ring groove 4920, a second O-ring grove 4925, a first 0-ring 4930, and a second O- 
ring4935. 

The first tubular member 4905 includes an inside waU 4940 and an outside 
wall 4945. The first tubular member 4905 preferably conqnises an annular member 
5 having a substantially constant wall thickness. 
The second tubular member 4910 includes an inside waU 4950 and an outside 
wall 4955. The second tubular member 4910 preferably comprises an annular 
member having a substantially constant wall thickness. 

The first and second tubular members, 4905 and 4910, may comprise any 
10 number of conventional commercially available tubular members. The inside and 
outside diameters of the first and second tubular members, 4905 and 4910, are 
substantiaUy equal. In this manner, ±e burst strength of Ihe tubular members, 4905 
and 4910. are substantially equal. This minimizes the possibility of a catastrophic 
&ilure during the radial expansion process. 
15 The threaded connection 4915 may comprise any number of conventional 

threaded connections suitable for use with tubular members. The threaded 
connection 4915 conqrrises a pin-and-box threaded connection. In this manner, the 
assembly of the first tubular member 4905 to the second tubular member 4910 is 
optimized. 

20 The first O-ring groove 4920 is preferably provided in the threaded portion of 

the interior wall 4950 of die second tubular member 4910 that is separated fitjm an 
^ end portion of the threaded connection 4915. In this manner, the sealing effect 
provided by the 0-rings, 4930 and 4935, is optimized. !!» first O-ring groove 
4920 is preferably adapted to receive and support one more 0-rings. The volumetric 

25 size of the first O-ring groove 4920 is preferably selected to pennit the O-ring 4930 
to expand at least approximately 20% in the axial direction during the radial 
ocpansioQ process. In Ais manner, deformation of the outer surface 4955 of the 
second tubular member 4910 during and upon the completion of the radial 
expansion process is nunimized. 
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The second 0-ring groove 4925 is preferably provided in the threaded portion 
of the interior wall 4950 of the second tubular member 4910 that is immediately 
adjacent to an end portion of the threaded connection 4915. In this manner, the 
sealing efifect provided by the O-rings, 4930 and 4935, is optimized. The second O- 
5 ring groove 4925 is preferably ad^ted to receive and support one more O-rings. 
The volumetric size of the second O-ring groove 4925 is preferably selected to 
permit the O-ring 4935 to expand at least approximately 20% in the axial direction 
during the radial expansion process. In this manner, deformation of the outer sur&ce 
4955 of the second tubular member 4910 during and upon the conq}letion of the 

10 radial expansion process is minimized. 

The O-rings, 4930 and 4935, are supported by the O-ring grooves, 4920 and 
4925. The use of a pair of O-rings, 4930 and 4935, that are axially separated 
optintially ensures that a fluid-tight seal is maintained between the first tubular 
member 4905 and the second tubular member 4910 throughout and upon the 

15 completion of the radial expansion process. In particular, the use of a pair of O- 
rings provides redundancy in the seal between the first tubular member 4905 aiul the 
second tubular member 491 0. 

The expandable toeaded connections 4300, 4500, 4700, and/or 4900 are used 
in combination with one or more of the embodiments ilhistrated in FIGS. 1-24E in 

20 order to optimally expand a plurality of tubular members coupled end to end using 
the expandable threaded corniections 4300, 4500, 4700 and/or 4900. 

Referring to FIG, 31, the liihrication of ttie interfecc between an expansion 
mandrel and a tubular meniber during the radial expansion process will now be 
described. As illustrated in FIG. 31, during the radial expansion process, an 

25 expansion cone 5000 radially expands a tubular member 5005 by moving in an axial 
direction 5010 relative to the tubular member 5005. The interfece between the outer 
surface 5010 of the tapered portion 5015 of the expansion cone 5000 and flie inner 
surface 5020 of the tubular member 5005 includes a leading edge portion 5025 and a 
trailing edge portion 5030. 

229 

• • • 
• • • • • 




25 



30 



During the radial expansion process, the leading edge portion 5025 is 
preferably lubricated by the presence of lubricating fluids provided ahead of the 
expansion cone 5000. However, because the radial clearance between the expansion 
cone 5000 and the tubular member 5005 in the trailing edge portion 5030 during the 
5 radial expansion process is typically extremely small, and the operating contact 
pressures between the tubular member 5005 and the expansion mandrel 5000 are 
extremely high, the quantity of lubricating fluid provided to the trailing edge portion 
5030 is typicaUy greatly reduced. Jn typical radial expansion operations, this 
reduction in lubrication in the trailing edge portion 5030 increases tiie forces 
10 required to radially expand tiie tubular member 5005. 

Referring to FIG. 32, a system for lubricating the interfece between an 
expansion cone and a hibular member during the expansion process will now be 
described. As illustrated in FIG. 32, an expansion cone 5100, having a front end 
5100a and a rear end 5100b, includes a tapered portion 5105 having an outer surface 
15 3 11 0, one or more circumferential grooves 5 115a and 5 1 1 5b, and one more internal 
flow passages 5120a and 5120b. 

The circumferential grooves 5115 are fluidicly coupled to the internal flow 
passages 5120. hi this manner, during the radial expansion process, lubricating 
fluids are transmitted from the area ahead of the tont 5100a of the expansion cone 
5100 into the circumferential grooves 51 15. Thus, flie trailing edge portion of the 
interface between the expansion cone 5100 and a tubular member is provided with 
an increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into the 
internal flow passages 5120 using a fluid conduit tiiat is coupled to tiie tapered end 
5105 of die expansion cone 5100. Alternatively, lubricating fluids are provided for 
the internal flow passages 5120 using a supply of lubricating fluids provided 
adjacCTt to the fr(»t 5100a of tiie expansion cone 5100. 

The expansion cone 5100 includes a plurality of circumferential grooves 51 15. 
The cross sectional area of the circumfisrential grooves 51 15 range from about 2X10" 
* in* to 5X10-^ in order to optimaUy provide lubrication to die trailing edge 
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portion of the interface between the expansion cone 51 00 and a tubular member 
during the radial expansion process. The expansion cone 51 00 includes 
circumferential grooves 5115 concentrated about the axial midpoint of the t^red I 
portion 51 05 in order to optimally provide lubrication to the trailing edge portion of 

s 

5 fhe interface between the expansion cone 5100 and a tubular member during tiie 

radial expansion process. The circumferential grooves 5115 are equally spaced : 
along the trailing edge portion of &e expansion cone 5100 in order to optimally 
provide lubrication to tfie trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. 
10 The ei^ansion cone 5100 includes a plurality of flow passages 5120 coupled j 

to each of tfie circumferential grooves 5115. The cross-sectional area of the flow 
passages 5120 ranges from about 2X10"^ in^ to 5X10'^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. 
15 The cross sectional area of the circumferential grooves 51 1 5 is greater than the cross 
sectional area of the flow passage 5120 in order to minimize resistance to fluid flow. 

Referring to FIG. 33, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 33, an expansion cone 5200, having a front end 
20 5200a and a rear end 5200b, includes a tapered portion 5205 having an outer surface 
5210, one or more circumferential grooves 5215a and 5215b, and one or more axial 
grooves 5220a and 5220b. 

The circumferential grooves 5215 are fluidicly coupled to fte axial groves 
5220. In this mann^, during the radial expansion process, lubricating fluids are 
25 transmitted from the area ahead of the front 5200a of the expansion cone 5200 into 
Ihe circumferratial grooves 5215. Thus, the trailing edge portion of Ae inter&ce 
between the e)q>ansion cone 5200 and a tubular meniber is provided with an 
increased simply of lubricant, thereby reducing the amoimt of force required to 
radially expand the tubular member. The axial grooves 5220 are provided wifli 
30 lubricating fluid using a supply of lubricating fluid positioned proximate the front 
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end 5200a of the expansion cone 5200. The circumferential grooves 3215 are 
concentrated about the axial midpoint of the tapered portion 5205 of the expansion 
cone 5200 in order to optimally provide hibrication to the trailing edge portion of the 
interface between the expansion cone 5200 and a tubular member during the radial 
5 expansion process. The drcumferential grooves 5215 are equally spaced along the 
trailing edge portion of the expansion cone 5200 in order to GptimaDy provide 
lubrication to the trailing edge portion of the interface between the expansion cone 
5200 and a tubular member during the radial expansion process. 

The expansion cone 5200 includes a phnahty of circumferential grooves 5215, 
10 The CTOss sectional area of the circumferential grooves 5215 range from about 2X10' 
* in^ to 5X10'^ in^ in order to optimaUy provide lubrication to the tnuling edge 
portion of the interfece between the expansion cone 5200 and a tubular member 
during the radial expansion process. 

The expansion cone 5200 includes a plurality of axial grooves 5220 coupled to 
each of the circumferential grooves 5215. The cross sectional area of the axial 
grooves 5220 ranges from about 2X10-* in' to 5X1 0'^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5200 and a tubular member during the radial expansion process. 
The cross sectional area of the circumferential grooves 52 1 5 is greater than the cross 
20 sectional area of the axial grooves 5220 in order to minimize resistance to fluid 
flow. The axial groves 5220 are spaced apart in the circumferential direction by at 
least about 3 inches in order to optimaUy provide lubrication during the radial 
expansion process. 

Referring to FIG. 34, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described As illustrated in FIG. 34. an expansion cone 5300, having a front end 
5300a and a rear end 5300b, includes a tapered portion 5305 having an outer 
sur6ce 5310, one or more circumferential grooves 5315a and 5315b, and one or 
mote internal flow passages 5320a and 5320b. 
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The circumferential grooves 5315 are fluidicly coupled to the internal flow 
passages 5320. In this manner, during the radial expansion process, lubricating 
fluids are transmitted from the areas in front of the front 5300a and/or behind the 
rear 5300b of the expansion cone 5300 into the circumferential grooves 5315. Thus, 
5 tiie trailing edge portion of the interface between the expansion cone 5300 and a 
tubular member is provided with an increased supply of lubricant, thereby reducing 
the amount of force required to radially expand the tubular member. FurthOTnore, 
the lubricating fluids also prefisrably pass to tfie area in front of tiie expansion cone. 
In this manner, the area adjacent to the front 5300a of the expansion cone 5300 is 

10 cleaned of foreign materials. The lubricating fluids are injected into Ac internal 
flow passages 5320 by pressurizing tfie area behind the rear 5300b of the expansion 
cone 5300 during the radial expansion process. 

The expansion cone 5300 includes a plurality of circumferential grooves 5315. 
The cross sectional area of the circumferential grooves 5315 ranges from about 

1 5 2X10"* in^ to 5X10"^ in^ respectively, in order to optimally provide lubrication to the 
trailing edge portion of the interface between the expansion cone 5300 and a tubular 
member during the radial expansion process. The expansion cone 5300 includes 
circumferential grooves 5315 that arc concentrated about fte axial midpoint of the 
tapered portion 5305 in order to optimally provide lubrication to the trailing edge 

20 portion of the interface between the expansion cone 5300 and a tubular member 
during the radial e>q)ansion process. The circumferential grooves 5315 are equally 
spaced along the trailing edge portion of the expansion cone 5300 in order to 
optimally provide lubrication to the trailing edge portion of the inteface between the 
expansion c<me 5300 and a tubular member during the radial expansion process. 

25 The e>q)ansion cone 5300 includes a phu-ality of flow passages 5320 coiq)led 

to each of the circumferential grooves 5315. The flow passages 5320 fluidicly 
coi^le the front end 5300a and tiie rear end 5300b of the expansion cone 5300. The 
cross-sectional area of the flow passages 5320 ranges from about 2X10"^ in^ to 
5X10"^ in^ in order to optimally provide lubrication to the trailmg edge portion of the 

30 interface between the expansion cone 5300 and a tubular member during the radial 



expansion process. The cross sectional area of the circumferential grooves 5315 is 
greater than the cross-sectional area of the flow passages 5320 in order to nunimizc 
resistance to fluid flow. 

Refening to FIG. 35, a system for lubricating the intwfece between an 
5 expansion cone and a tubular member during the eiqunsion process will now be 
described. As iUustrated in FIG. 35, an expansion cone 5400, having a ftont end 
5400a and a rear end 5400b, includes a tapered portion 5405 having an outer 
surface 5410, one or more circumferential grooves 5415a and 5415b, and one or 
more axial grooves 5420a and 542(H}. 
10 The circumferential grooves 5415 are fluididy coupled to the axial grooves 

5420. hi ^s manner, during the radial expansion process, lubricating fluids are 
transmitted fix>m die areas in front of the front 5400a and'or behind the rear 5400b 
of the eiqwnsion cone 5400 into the circumferential grooves 5415. Thus, the trailing 
edge portion of the interfece between the expansion cone 5400 and a tubular 
15 member is provided with an increased supply of lubricant, thereby reducing the 
amount of force required to radially expand the tubular member. Furthermore, 
pressurized lubricating fluids pass from the fluid passages 5420 to die area in front 
of the fiont 5400a of the expansion cone 5400. hi this manner, the area adjacent to 
the front 5400a of the expansion cone 5400 is cleaned of foreign materials. The 
20 lubricating fluids are injected into the internal flow passages 5420 by pressurizing 
the area behind the rear 5400b expansion cone 5400 during the radial expansion 
process. 

The expansion cone 5400 includes a plurality of circumferential grooves 5415. 
The cross sectional area of the circumferential grooves 5415 range from about 2X10" 

25 * in^ to 5X10"^ in^ m order to optimally provide lubrication to the trailing edge 
portion of the interfece between the expansion cone 5400 and a tubular member 
during the radial expansion process. The expansion cone 5400 includes 
circumferential grooves 5415 that are concentrated about the axial mid|point of the 
tapered portion 5405 in order to optimally provide lubrication to the trailing edge 

iO portion of the interface between the expansion cone 5400 and a hibular member 
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during the radial expansion process. The circunrferential grooves 5415 are equally 
spaced along the trailing edge portion of the CTpansion cone 5400 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5400 and a tubular member during the radial expansion i^ocess. 
5 The expansion cone 5400 includes a plurality of axial grooves 5420 coupled to 

each of the circumferential grooves 5415. The axial grooves 5420 fluidicly couple 
flie front end and the rear end of the e7q>ansion cone 5400. The cross sectional area 
of the axial grooves 5420 range from about 2X10"* in^ to 5X10'^ in^ respectively, in 
order to optimally provide lubrication to the trailing edge portion of the interface 

10 between the expansion cone 5400 and a tubular member during the radial expansion 
process. The cross sectional area of the circumferential grooves 5415 is greater than 
the cross sectional area of the axial grooves 5420 in order to minimize resistance to 
fluid flow. The axial grooves 5420 are spaced apart in the circumferential direction 
by at least about 3 inches in order to optimally provide lubrication during the radial 

15 expansion process. 

Referring to FIG. 36, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 36, an expansion cone 5500, having a front end 
5500a and a rear end 5500b, includes a tapered portion 5505 having an outer 

20 surfece 5510, one or more circumferential grooves 5515a and 5515b, and one or 
more axial grooves S520a and 5520b. 

The circumferential grooves 5515 are fluidicly coupled to flie axial grooves 
5520. In this manner, during fte radial expansion process, lubricating fluids are 
transmitted from the area ahead of tiie front 5S00a of the expansion cone 5500 into 

25 ttie drcumfearential grooves 5515. Thus, the trailing edge portion of the interfece 
between the expansion cone 5500 and a tubular member is provided wifli an 
increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into the 
axial grooves 5520 using a fluid conduit that is coupled to the tapered end 3205 of 

30 the expansion cone 3200. 
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The expansion cone 5500 includes a plurality of circumferential grooves 5515. 
The cross sectional area of the circumferential grooves 5515 ranges from about 
2X10^ in^ to 5X10"^ in^ in order to optimally provide lubrication to the trailing edge 
portion of the interface between the expansion cone 5500 and a tubular member 
5 during the radial expansion process. The expansion cone 5500 includes 
circumferential grooves 5515 that arc ccmcentrated about the axial midpoint of the 
tapered portion 5505 in order to optimally provide lubrication to die trailing edge 
portion of the interface between the expansion cone 5500 and a tubular meniber 
during flie radial expansion process. The circumferential grooves 5515 are equally 
10 spaced along the trailing edge portion of tiie expansion cone 5500 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5500 and a tubular member during the radial expansion process. 

The expansion cone 5500 includes a plurality of axial grooves 5520 coupled to 
each of the circumferential grooves 5515. The axial grooves 5520 intersect each of 
15 the circumferaitial groves 5515 at an acute angle. The cross sectional area of the 
axial grooves 5520 ranges from about 2X10"^ in^ to 5X10'^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5500 and a tubular member during the radial expansion process. 
The cross sectional area of the circumferential grooves 5515 is greater than the cross 
20 sectional area of the axial grooves 5520. The axial grooves 5520 are spaced apart in 
the circumferential direction by at least about 3 inches in order to optimally provide 
lubrication during the radial expansion process. The axial grooves 5520 intersect 
the longitudinal axis of the expansion ccme 5500 at a larger angle than the angle of 
attack of the tapered portion 5505 in order to optimally provide lubrication during 
25 the radial e}q>ansion process. 

Refming to FIG. 37, a system for lubricating the interface between an 
eJ5)ansi(m cone and a tubular mOTiber during the expansion process will now be 
described. As illustrated in FIG. 37. an expansion cone 5600, having a front end 
5600a and a rear end 5600b, includes a tapered portion 5605 having an outer 
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surface 5610, a spiral circumferential groove 5615, and one or more internal flow 
passages 5620. 

The circumferential groove 5615 is fluidicly coupled to the internal flow 
passage 5620. In this manner, during die radial expansion process, lubricating fluids 
5 are transmitted from the area ahead of the front 5600a of the expansion cone 5600 
into the circumferential groove 5615. Thus, ttie trailing edge portion of the intCTface 
between the expansion cone 5600 and a tubular member is provided witii an 
increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into the 

10 internal flow passage 5620 using a fluid conduit that is coupled to the tapered end 
5605 of the expansion cone 5600. 

The expansion cone 5600 includes a plurality of spiral circumferential grooves 
5615. The cross sectional area of the circumferential groove 5615 ranges from 
about 2X10"^ in^ to 5X10'^ in^ in order to optimally provide lubrication to the trailing 

15 edge portion of the interface between the expansion c<Hie 5600 and a tubular 
member during the radial expansion process. The expansion cone 5600 includes 
circumferential grooves 5615 that are concentrated about the axial midpoint of the 
t^red portion 5605 in order to optimally provide lubrication to the trailing edge 
portion of the interface between fee expansion cone 5600 and a tubular member 

20 during fee radial expansion process. The circumferential grooves 5615 are equally 
spaced along fee trailing edge portion of fee e?q>ansion cone 5600 in order to 
optimally provide lubrication to fee trailing edge portion of fee interface between fee 
expansion cone 5600 and a tubular member during fee radial expansion process. 



25 to each of the circumferential grooves 5615. The cross-sectional area of fee flow 
passages 5620 ranges from about 2X10"* in^ to 5X10*^ in^ in order to optimally 
provide lubrication to fee trailing edge portion of fee interface between fee 
expansion cone 5600 and a tubular meniber during fee radial expansion process. 
The cross sectional area of fee circimiferential groove 5615 is greater than fee cross 

30 sectional area of fee flow passage 5620 in order to minimize resistance to fluid flow. 



The expansion cone 5600 includes a plurality of flow passages 5620 coupled 
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Referring to FIG. 38, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 38, an expansion cone 5700, having a front end 
5700a and a rear end 5700b, includes a tapered portion 5705 having an outer surface 
5 5710, a spiral circumferential groove 5715, and one or more axial grooves 5720a, 
5720b and 5720c. 

The drcumferential groove 5715 is fluidicly coupled to the axial grooves 
5720. In this manner^ during the radial expansion process, lubricating fluids are 
transmitted from the area ahead of the front 5700a of the e)q)ansion cone 5700 into 
10 the circumferential groove 5715. Thus, the trailing edge portion of the interface 
between the expansion cone 5700 and a tubular memb^ is provided with an 
increased supply of lubricant, fliereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into the 
axial grooves 5720 using a fluid conduit that is coupled to the tapered end 5705 of 
15 the expansion cone 5700. 

The expansion cone 5700 includes a plm^lity of spirail circumferential grooves 
5715. The cross sectional area of the circumferential grooves 5715 range from 
about 2X10"^ in^ to 5X10*^ in^ in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5700 and a tubular 
20. member during the radial expansion process. The expansion cone 5700 includes 
circumferential grooves 5715 concentrated about the axial midpoint of the tapered 
portion 5705 in order to optimally provide lubrication to fte trailing edge portion of 
the int^^e between the expansion cone 5700 and a tubular member dining the 
radial cjcpansion process. The circumferential grooves 5715 are equally spaced 
25 along ±c trailing edge portion of the expansion cone 5700 in order to optimally 
provide lubrication to flie trailing edge portion of the interface between tfie 
expansion cone 5700 and a tubular member during the radial expansion process. 

The expansion cone 5700 includes a plurality of axial grooves 5720 coupled to 
each of the circumferential grooves 5715. The oross sectional area of the axial 
30 grooves 5720 range from about 2X10"^ in^ to 5X10'^ in^ in order to optimally 



provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5700 and a tubular member during the radial expansion process. 
The axial grooves S720 intersect the circumferential grooves 5715 in a 
perpoidicular manner. The cross sectional area of the circumferential groove 5715 
5 is greater than the cross sectional area of the axial grooves 5720 m order to 
minimize resistance to fluid flow. The circumferential spacing of the axial grooves 
is greater than about 3 inches in order to optimally provide lubrication during the 
radial expansion process. The axial grooves 5720 intersect the longitudinal axis of 
the expansion cone at an angle greater than the ang^e of attack of the tapered portion 

10 5705 in order to optimally provide lubrication during the radial expansion process. 

Referring to FIG. 39, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 39, an expansion cone 5800, having a front end 
5800a and a rear end 5800b, includes a tapered portion 5805 having an outer surface 

15 5810, a circumferential groove 5815, a first axial groove 5820, and one or more 
second axial grooves 5825a, 5825b, 5825c and 5825d. 

The circumferential groove 5815 is fluidicly coupled to the axial grooves 5820 
and 5825. In this manner, during the radial expansion process, lubricating fluids are 
preferably transmitted from the area behind the back 5800b of the expansion cone 

20 5800 into the circumferential groove 5815. Thus, the trailing edge portion of the 
interface between the expansion cone 5800 and a tubular member is provided with 
an increased supply of lulmcant, thereby reducing the amount of force requu-ed to 
radially expand tiie tubular member. The lubricating fluids are injected into the first 
axial groove 5820 by pressurizing the region behind the back 5800b of the 

25 expansion cone 5800. The lubricant is further transmitted into die second axial 
grooves 5825 where the lubricant preferably cleans foreign mat^ials from die 
tapered portion 5805 of the expansion cone 5800. 

The expansion cone 5800 includes a plurality of circumferential grooves 5815. 
The cross sectional area of the circumferential groove 5815 ranges from about 2X10' 

30 * in^ to 5X10'^ in^ in order to optimally provide lubrication to the trailing edge 

, » • • • • • • • 
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portion of Ae intoface between the expansion cone 5800 and a tubular member 
during the radial expansion process. The expansion cone 5800 includes 
circumferential grooves 5815 concentrated about the axial midpoint of the tapped 
portion 5805 in order to optimally provide lubrication to the trailing edge portion of 
the interface between the expansion cone 5800 and a tubular member during the 
radial expansion process. The circumferential grooves 5815 are equally ^aced 
along the trailing edge portion of the expansion cone 5800 in order to optimally 
provide lubrication to the trailing edge portion of the interface betweoi Ae 
expansira cone 5800 and a tubular member during the radial expansion process. 

The e}q[>ansion cone 5800 includes a plurality of first axial grooves 5820 
coupled to each of the circumferential grooves 5815. The first axial grooves 5820 
extend from the back 5800b of flie expansion cone 5800 and intersect Oie 
circumferential groove 5815. The cross sectional area of the first axial groove 5820 
ranges from about 2X10^ in^ to SXIO"* in' m order to optimally provide lubrication 
15 to the trailing edge portion of the interface between the expansion cone 5800 and a 
tubular menriber during the radial expansion process. The first axial groove 5820 
intersects the circumfiaiential groove 5815 in a perpendicular manner. The cross 
sectional area of the circumferential groove 5815 is greater than the cross sectional 
area of the first axial groove 5820 in order to minimize resistance to fluid flow. The 
20 circumferential spacing of the first axial grooves 5820 is greater than about 3 inches 
in order to optimally provide lubrication during the radial expansion process. 

The expansion cone 5800 includes a plurality of seamd axial grooves 5825 
coupled to each of tiie circumfra-ential grooves 5815. The second axial grooves 
5825 extend from the front 5800a of the expansion cone 5800 and intersect the 
25 circumferential groove 5815. The cross sectional area of the second axial grooves 
5825 ranges from about 2X10^ in' to 5X10 ' in' in order to optimaUy provide 
lubrication to the trailing edge portion of the interfece between the expansion cone 
5800 and a tubular member during the radial expansion process. The second axial 
grooves 5825 intersect the circumferential groove 5815 in a peipendicular manner. 
30 The cross sectional area of the circumferential groove 5815 is greater than the cross 



sectional area of the second axial grooves 5825 in order to minimize resistance to 
fluid flow. The circumferential spacing of the second axial grooves 5825 is greater 
than about 3 inches in order to optimally ]Ht>v]de lubrication during the radial 
expansion process. The second axial grooves 5825 intersect the longitudinal axis of 
5 the expansion cone 5800 at an angle greater than the ang^e of attack of the tapered 
portion 5805 in order to optimally provide lubrication during the radial expansion 
process. 

Referring to Fig. 40, The first axial groove 5820 includes a first portion 5905 
having a first radius of curvature 5910, a second portion 5915 having a second 
10 radius of curvature 5920, and a third portion 5925 having a third radius of curvature 
5930. The radius of curvatures, 5910, 5920 and 5930 are substantially equal. The 
radius of curvatures, 5910, 5920 and 5930 are all substantially equal to 0.0625 
inches. 

Referring to Fig. 41, The circumferential groove 5815 includes a first portion 

15 6005 having a first radius of curvature 6010, a second portion 601 5 having a second 
radius of curvature 6020, and a third portion 6025 having a third radius of curvature 
6030. Theradiusofcurvatures, 6010, 6020 and 6030 are substantially equal. The 
radius of curvatures, 6010, 6020 and 6030 are all substantially equal to 0.125 inches. 
Referring to Fig. 42, The second axial groove 5825 includes a first portion 

20 6105 having a fhrst radius of curvature 61 10, a second portion 61 15 having a second 
radius of curvature 6120, and a third portion 6125 having a third radius of curvature 
6130. The first radius of curvature 61 10 is greater than the third radius of curvato^ 
6130. The first radius of curvature 6110 is equal to 0.5 inches, tiie second radius of 
curvature 6120 is equal to 0.0625 inches, and the third radius of curvature 6130 is 

25 equal to 0. 125 inches. 

Referring to Fig. 43, an expansion mandrel 6200 includes an intonal flow 
passage 6205 having an insert 6210 including a flow passage 6215. The cross 
sectional area of the flow passage 6215 is less than the cross sectional area of the 
flow passage 6215. More generally, A plurality of inserts 6210 are provided, each 

30 with different sizes of flow passages 6215. In this manner, the flow passage 6215 is 

• • » • • 9^4^ • ••• 

• ••• • • •• 



machmed to a standard size, and the lubricant supply is varied by using different 
sized inserts 6210. The teachings of the expansion mandrel 6200 are incorporated 
into the expansion mandrels 5100, 5300, and 5600. 

Referring to Fig. 44, The insert 6210 includes a filter 6305 for filtering 
5 particles and other foreign materials from the lubricant that passes into the flow 
passage 6205. In this manner, the foreign materials are prevented fix>m clogging the 
flow passage 6205 and other flow passages within the expansion mandrel 6200. 

The one or more of the lubrication systems and elements of the mandrels 5100, 
5200. 5300. 5400, 5500, 5600, 5700, 5800 and/or 5900 are incorporated into the 
10 methods and apparatus for expanding tubular members described above with 
reference to FIGS. 1-30. In this manner, the amount of force required to radially 
expand a tubular merabw in the formation and/or repair of a wellbore casing, 
pipeline, or structural support is significantly reduced. Furthermore, the increased 
lubrication provided to the trail edge portion of the mandrel greatly reduces the 
15 amount of galling or seizure caused by the interface between the mandrel and the 
tubular member during the radial expansion process thereby permitting larger 
continuous sections of tubulars to be radially expanded in a single continuous 
operation. Thus, use of the mandrels 5100, 5200, 5300, 5400, 5500, 5600, 5700, 
5800 and/or 5900 reduces the operating pressures required for radial expansion and 
20 thereby reduces the sizes of the required hydraulic pumps and related equipment. In 
addition, failure, bursting, and/or buckling of tubular members during the radial 
expansion process is significantly reduced, and the success ratio of the radial 
expansion process is greatly increased. 

In laboratory tests, a regular expansion cone, without any lubricatiwi grooves 
25 and flow passages, and the expansion cone 5100 were both used to radially expand 
identical coiled tubular members, each having an outside diameter of 3 54 inches. 
The following tables siHnmarizes the results of this laboratory test: 



LUBRICATING FLUID 


REGULAR 
EXPANSION CONE 


EXPANSION CONE 5 100 




FORCE REQUIRED TO EXPAND TUBULAR 
MEMBER 


PHPA Mud alone 


78,000 Ibf 


72,000 Ibf 


PHPAMud + 7% 
LuMcant Blend 


48,000 Ibf 


46,000 Ibf 


1 00% Lubricant Blend 


68.000 Ibf 


48,000 Ibf 



Where: PHPA Mud refers to a drilling mud mixture available from Baroid. 

5 PHPA Mud + 7 % Lubricant Blend refers to a mixture of 93% 

PHPA Mud and 7% mixture of TorqTrim III, EP Mudlib, and 
DrillN-Slid available from Baroid. 

100% Luteicant Blend refers to a mixture of TorqTrim III, EP 
10 Mudlib, and DrillN-Slid available from Baroid. 

Thus, the use of the expansion cone 5100 reduced die amount of force required 
to radially expand a tubular member by as much as 30%. This rediiction in fhe 
required force translates to a corresponding reduction in tfie overall energy 

1 5 requiremoits as well as a reducti<»i in the size of required operating equipment such 
as, for example, hydraulic punning equipment During the course of a typical 
expansion operation, this results in tremmdous cost savings to the operator. 

The lubricating fluids used with the mandrels 5100, 5200, 5300, 5400, 5500, 
5600, 5700, 5800 and 5900 for expanding tubular members have viscosities ranging 

20 from about 1 to 10,000 centipoise in order to optimize the injection of the 
lulnricating fluids into the circiunferential grooves of tiie mandrels during the radial 
expansion process. 



Prior to placement in a wellbore, the outer surfaces of the apparatus for 
expanding tubular niembers described above with reference to FIGS. 1-30 are coated 
with a lubricating fluid to facilitate their placement the wellbore and reduce surge 
pressures. The lubricating fluid comprises BARO-LUB GOLD-SEAL™ brand 
drilling mud lubricant, available from Baroid Drilling Fluids, Inc. In this manner, 
the insertion of the apparatus into a wellbore, pipeline or other opening is optimized 

Referring to ¥1G. 45, an expandable tubular 6400 for use in forming and/or 
repairing a wellbore casing, pipeline, or foundation support will now be described. 
The expandable tubular 6400 includes a wall fhickness T. 

The wall thickness T is substantially constant throughout the expandable 
tubular 6400. The variation in tiie wall thickness T about the circumference of the 
tubular member 6400 is less than about 8 % in order to optimally provide an 
expandable tubular 6400 having a substantially constant hoop yield strength. 

The material composition of and the manufacturing processes used in forming 
the expandable tubular 6400 are selected to provide a hoop yield strength that varies 
less than about 10 % about the circumference of the tubular member 6400 in order 
to optimally provide consistent geometries in the expandable tubular 6400 after 
radial expansion. 

The expandable tubular 6400 includes structural imperfections such as, for 
example, voids, foreign material, cracks, of less than about 5 % of the specified wall 
thickness T in order to optimize the radial expansion of the expandable tubular 
member 6400. Each expandable tubular 6400 is tested for tfie presence of such 
defects using nondestructive testing methods in accordance with industry standard 
APISR2. 

A representative sample of a selected group of tubular membws 6400 are 
flared at one end using a conventional industry standard tubular flaring method, such 
as, for exaniple the method disclosed in ASTM A450. As illustrated in Fig. 46, The 
walls of the flared end of the tubular member 6400 do not exhibit any necking for 
increases in the interior diameter of the flared end 6405 of the tubular member 6400 
ranging from 0 to abcnit 25%. As illustrated in Fig. 47, The flared end of the tubular 



member 6400 does not fail for increases in the interior diameter of the flared end of 
the tubular members 6400 ranging from 0 to at least about 30%. In this manner, a 
selected group of tubular members 6400 are optimally selected for both necldng and 
ductility properties subsequent to radial expansion. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it 
is appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the invention. 
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CONVERSION TO METRIC UNITS 

1.05 to 48 inches and 1/8 to 2 inches to 1.05 to 48 inches and 1/8 to 2 inches (2.667 
to 121.92 and .3175 to 5.08 centimetres) 

3.5 to 16 inches and 3/8 to 1.5 inches to 3.5 to 16 inches and 3/8 to 1.5 inches (8.89 
to 40.64 centimetres and .9525 to 3.81) 

2.5 to 50 inches to 2.5 to 50 inches (6.35 to 127 centimetres) 

3.5 to 19 inches and 1/8 to 125 to 3.5 to 19 inches and 1/8 to 1.25 (8.89 to 48.26 and 
.3175 to 3.175 centimetres) 

40 to 20,000 feet to 40 to 20,000 feet (12. 192 to 6096.00 meters) 

0 to 500 gallons/minute and 0 to 1,000 psi to 0 to 500 gallons/minute and 0 to 1,000 
psi (0 to 1892.705 litres and 0 to 68.95 bar) 

1 ,000 to 1,000,000 Ibf to 1,000 to 1,000 000 Ibf (.478803 to 478.803 bar) 

40,000 to 135,000 psi to 40,000 to 135,000 psi (2757.90 to 9307.92 bar) 

1.125 to 3 inches to 1.125 to 3 inches (2.857 to 7.62 centimetres) 

0.25 to 0.75 to 0.25 to 0.75 (0.635 to 1.905 centimetres) 

1,200 to 8,500 psi to 1,200 to 8,500 psi (82.737 to 586.054 bar) 

40 to 1250 gallons/minute to 40 to 1250 gallons/nrinule (151.416 to 4,731.765 litres) 

0 to 5 ft/sec. to 0 to 5 ft/sec. (0 to 1 .524 meters) 

0.75 to 47 inches and 1.05 to 48 inches to 0.75 to 47 inches and 1.05 to 48 inches 
(1.905 to 1 19.38 and 2.667 to 121.92 centimetres) 

3 to 15.5 inches and 3.5 to 16 indies to 3 to 1 5.5 indies and 3.5 to 16 inches (7.62 to 
39 37 and 8.89 to 40.64 centimetres) 

240 to 480 inches to 240 to 480 inches (609.6 to 1219.2 centimetres) 
0.1 to 0.5 inches to 0.1 to O.S inches (.254 to .127 centimetres) 
0.025 to 0.375 inches to 0.025 to 0.375 inches (.0635 to .9525 centimetres) 
0.025 to 0.125 inches to 0.025 to 0.125 inches (.0635 to .3175 centimetres) 



100 to 1 ,000 psi to 100 to 1 ,000 psi (6.8947 to 68.947 bar) 

2 to 34 inches to 2 to 34 inches (5.08 to 86.36 centimetres) 

5 

0 to 4,500 psi and 0 to 4,500 gallims/minute to 0 to 4,500 psi, and 0 to 4,500 gallons 
minute (0 to 310.264 bar, and 0 to 17034.35 litres) 

0 to 3,500 psi, and 0 to 1,200 gallons/minute to 0 to 3,500 psi, and 0 to 1,200 
10 gallons/minute (0 to 241 .316 bar and 0 to 4542.49 litres) 

0 to 4,500 psi, and 0 to 3,000 gallons/minute to 0 to 4,500 psi, and 0 to 3,000 
gallons^iinute (0 to 310.264 bar. and 0 to 1 1356.24 litres) 

15 0 to 9,000 psi and 0 to 3,000 gallons/minute to 0 to 9,000 psi and 0 to 3,000 (0 to 
620.528 bar and 0 to 1 1356.24 litres) 

3 to 28 inches to 3 to 28 indies (7.62 to 71 . 12 centimetres) 

20 0.0025 to 0.05 indies to 0.0025 to 0.05 inches (.00635 to . 127 centimetres) 

0 to 10,000 psi and 0 to 3,000 gallons/minute to 0 to 10,000 psi and 0 to 3,000 
gallons/ndnute (0 to 689.476 bar and 0 to 1 1,356.24 litres) 

25 0 to 12,000 psi and 0 to 3,500 gallons/minute to 0 to 12,000 psi and 0 to 3,500 
gallons/minute (0 to 827.38 bar and 0 to 13,248.94 litres) 

1,000 to 9,000 psi to 1,000 to 9,000 psi (68.95 to 620.53 bar) 

30 78000 Ibf to 78000 Ibf (37.347 bar) 

48000 Ibf to 48000 Ibf (22.983 bar) 

68000 Ibf to 68000 Ibf (32.559 bar) 

35 

72000 Ibf to 72000 Ibf (34.474 bar) 

46000 Ibf to 46000 Ibf (22.025 bar) 

40 0 to 5,000 psi and 0 to 1,500 gallons/minute to 0 to 5,000 psi and 0 to 1,500 (0 to 
344.738 bar and 0 to 5618.12 litres) 

400 to 10,000 psi and 30 to 4,000 gallons/min to 400 to 10,000 psi and 30 to 4,000 
gallons/toin (27.58 to 689.476 bar and 1 13.56 to 15141.68 litres) 

45 
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500 to 9,000 psi and 40 to 3,000 gallons/min to 500 to 9,000 psi and 40 to 3 000 
gallons/min (34.47 to 620.53 bar and 151.42 to 1 1356.24 litres) 

500 to 10,000 psi to 500 to 10,000 psi (34.47 to 689.48 bar) 

50 to 2000 psi to 50 to 2000 psi (3.447 to 13.795 bar) 

?; ^ "''^^^ *° ^-^25 to 0.75 inches and 3 to 19 inches 

(1.5875 to 1.905 and 7.62 to 48.26 centimetres) 

3/8 to 1 .5 inches and 3.5 to 16 inches to 3/8 to 1.5 inches and 3.5 to 16 inches ( 9525 
to 3.8 1 and 8.89 to 40.64 centimetres) 



THE FOLLOWING ARR PF GISTEREn TRADE MARKS 

Teflon; and 

Lubriplate 



CLAIMS 

1 . A method of inserting a tubular member into a wellbore, comprising: 
injecting a lubricating fluid into the wellbore; and 

inserting the tubular member into the wellbore, 
wherein the tubular member does not exhibit necking when radially 
expanded up to 25%. 

2. The method of claim 1 , wherein the lubricating fluid has a viscosity ranging 
from about 1 to 10,000 centipoise. 

3. The method of any preceding claim, wherein the lubricating fluid comprises: 
drilling mud. 

4. The method of any preceding claim, wherein the tubular member comprises 
a wall thickness that varies less than 8 %. 

5. The method of any preceding claim, wherein the tubular member comprises 
a hoop yield strength that varies less than 10 %. 

6. The method of any preceding claim, wherein the tubular meniber comprises 
imperfection of less than 8 % of a wall thickness. 

7. The method of any preceding claim, wherein the tubular member does not 
exhibit failure for radial expansions of up to 30 %. 

8. The mediod of any preceding claim, wherein the tubular member comprises a 
wellbore casing. 
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